THE SOUTH 


RNAL OF 
FRICAN CHEMICAL INSTITUTE 


President—Prof. H. L. de Waal, M.Sc., Ph.D., D.Sc.—President 
Secretary—C. F, Lindemann, B.Sc.— Ere-sekretaris 
Hon. Editor—K. A. Murray, M.Sc., A.R.I.C.— Ere-redakteur 


Publications Committee /Publikasie-komitee: 
Prof. H. Stephen, O.B.E., D.Sc., F.R.I.C. (Chairman /V oorsitter); 


E. G. White, M.Sc., A.R.I.C. (Hon Sec./ Ere-sek.); 


A. W. Lategan, M.Sc., Ph.D. Asst. Hon. Editors 
J. A. McLachlan, D.Sc.(Eng.), M.I.Chem.E. f Asst. Ere-redakteure 


F. Hawke, M.Sc.(Eng.), A.R.I.C.; 
S. S. Israelstam, M.Sc., F.R.LC.; 
T. J. Wilken Jorden, D.Sc.; 
and the Office Bearers /en die Ampsdraers. 


Published by the Institute, Uitgegee deur die Instituut, 
Kelvin House, Kelvinhuis, 
Johannesburg 


JOERNAAL VAN 


DIE SUID-AFRIKAANSE CHEMIESE INSTITUUT 


NEW 
_ SERIES 
VOLUME ... I 
NUMBER .... 1 
‘ce 
JUNE 
1 9 4 8 
JUNIE 
= 
NOMMER ... 1 
; 


Die Redakteure en die Suid- Afrikaanse Chemiese Instituut aanvaar geen verantwoordelikheid 
vir verklarings wat gemaak word of menings wat uitgespreek word deur bydraers nie. 


The Editors and the South African Chemical Institute assume no responsibility for state- 
ments made and opinions expressed by contributors. 


CONTENTS — INHOUD 
Page /Bladsy 
THE DETERMINATION OF FLUORINE IN WATER 


THE FRUIT-COAT FAT OF MYRICA CORDIFOLIA—CAPE BERRY 
WAX 
by D. J. Schoeman and Frank Hawke 


THREE NOTES ON THE LEAD CHAMBER SYSTEM FOR THE MANU- 
FACTURE OF SULPHURIC ACID 


SOUTH AFRICAN SENECIO ALKALOIDS 
by H. L. de Waal and A. Crous | 


AN INVESTIGATION ON THE SYNTHESIS OF ASCORBIC ACID IN THE 
GUAVA (PSIDIUM GUAJAV A) 


CHEMICAL TECHNOLOGY OF SOUPFIN—SHARK LIVER OIL 


— 


Aga 
‘= 
1 
f 
‘ 
eS 
pe 


Deel 1, No.1 JOERNAAL VAN DIE SUID-APRIKAANSE CHEMIESE INSTITUU' 
THE DETERMINATION OF FLUORINE IN WATER 


by 
J. A. STEVENS 


OPSOM MING 

’*n Metode om klein hoeveelhede fluor in water te bepaal, soos toegepas deur die Magadi Soda Co., 
word hier beskryf. Hierdie metode het ontstaan uit ’n kombinasie van Talvitic? en Ford® se metodes, 
waarin die pH-waarde van die oplossing beheer word met behulp van ‘n butler. Dit behels die gebruik 
van torium in plaas van sirkonium, in ’n wysiging van die de Boer-Sanchis metode wat gebaseer is op dic 
kleur wat verkry word deur ’n fluoried te meng met sirkonium-alisarien hemolisering. 

Gegewens word verstrek oor die invloed van sekere ione op dic metode, en paslike verbereringe 
in tegnick word beskryf. 

SUMMARY 

A method which has been used by the Magadi Soda Co., for the determination of small amounts of 
fluorine in water is described. This has been evolved from a combination of methods used by Talvitic* 
and Ford? wherein the pH value of the solution is controlled by a butler. It involves the use of thorium 
instead of zirconium in a modification of the de Boer-Sanchis method which is based on the colour pro 
duced by a fluoride when mixed with zirconium-alizarin lake. 

Notes are supplied on the influence of certain ions on the method and suitable alterations of technique 
are indicated where necessary. 


The constant ingestion of fluorine during the period of tooth formation in drinking 
water in amounts as small as one part per million may cause a slight mottling of the 
teeth of children when ingested regularly during the period of calcification. Larger 
proportions of fluorine may cause severe mottling and fluorosis of the spine and other 
bones. A determination of the fluorine content of a potable water is therefore a very 
necessary part of its laboratory examination, and as the quantity to be measured is 
normally very small, special analytical methods are required. Probably the most widely 
used is the De Boer-Sanchis method based on the colour produced by fluoride when 
mixed with zirconium-alizarin lake or Scott’s (1941) modification thereof. ! 

Some disadvantages of this and other similar methods are: 

(1) Many Nessler tubes are used for one determination, each tube requiring a 
separate measurement of standard fluoride and zirconium-alizarin reagent. 

(2) The results are not immediately available when the operations have been com- 
pleted. 

(3) The zirconium-alizarin reagent is unstable, and the lake tends to precipitate in 
the Nessler tube. 

(4) Temperature variations affect the results. 

(5) Quantities of fluoride less than 40 microgrammes are not easily determined. 

The instability of the zirconium lake, its tendency to precipitate and the slowness of 
its reaction with fluoride are all eliminated by the substitution of thorium for zirconium 
recommended by Talvitie.2 The multiplicity of apparatus and measurements is un- 
necessary if the fluoride is titrated with thorium to a standard pink colour.’ Using a 
combination of these two modifications and controlling the pH of the solution with a 
buffer, a very quick and reasonably accurate method for the determination of fluorine 
is obtained. 

The pH at which the titration is carried out is very important. Hoskins and Ferris# 
used a monochloracetic acid buffer to give pH 3-5 in aqueous alcoholic solution and 
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the same buffer was used by Rowley and Churchill to give pH 2-8 in water. Matuszak 
and Brown® used an acetic acid buffer to maintain pH 3-3, having found that the 
chloracetic buffer was unreliable and pH 2-8 undesirably low, though the pH of the 
thorium nitrate solution is 2-8 and this would accordingly seem a suitable value. Un- 
fortunately, the thorium titration at this acidity is very sensitive to minute changes of 
pH, and sulphate interferes markedly. By increasing the pH to 3-3, sulphate inter- 
ference is reduced and the effect of small variations of pH is negligible, but dissolved 
carbon dioxide begins to interfere and must be boiled off before the titration is com- 
menced. The effect of temperature on the titration can be neglected, and the boiled 
solution can be titrated without cooling to room temperature. 

At Magadi the following technique was worked out, using the monochloracetic 
buffer to give pH 


Reagents Required 
Stock Fluoride Solution. 2-21 g. pure NaF per litre. 


Standard Fluoride Solution. 10 ml. of stock fluoride diluted to 1 litre. 1 ml. contains 
0-01 mg. fluorine. 
Alizarin. 0-03 per cent. solution of alizarin S in water. 
Thorium Solution. Approximately 1-52 g. thorium nitrate per litre. 
Buffer Solution. 9-45 g. monochloracetic acid. 
2 g. sodium hydroxide. 
100 ml. water. 


Permanent Standard Colour’. A mixture of dilute solutions of cobalt nitrate and 
potassium chromate to give the required colour in 100 ml. (see below). 


Standard Sulphate Solution. 1-48 g. sodium sulphate per litre. 1 ml. contains 
1 mg. SO,. 
Normal hydrochloric acid and sodium hydroxide solutions. 


Procedure 


It is first necessary to determine sulphate in the sample. Fluoride is then determined 
as follows :— 


Thorium Titration. To 100 ml. of the clear water sample containing not more than 
2 p.p.m. F in a Nessler tube, exactly 1 ml. of alizarin is added, and the pink colour just 
changed to yellow by adding hydrochloric acid dropwise from a burette. Exactly 1 ml. 
buffer is then added and the solution is titrated with thorium until a pink colour is 
produced which matches 100 ml. of the permanent standard colour. Let the titration 
be x mls. 

The change from pure yellow to bright pink takes place gradually and it seems best 
to adopt as an end point colour the first definite shade of pink. The exact shade is of no 
importance so long as all titrations are made to the same end point. 

Back Titration. The titrated sample is now used as a temporary colour standard. 
Into a second Nessler tube are run x ml. thorium and _y ml. of standard sulphate equal 
to the SO, in 100 ml. of the water sample. One ml. each of buffer and alizarin are then 
added, producing a bright pink colour. The solution is diluted to about 70 ml. and is then 
titrated with standard fluoride until the shade of pink abates to that of the temporary 
standard. ‘Towards the end of the titration the volume of the solution in the tube is 
increased to approximately 100 ml. with distilled water, Let the standard fluoride 
titration be x ml. 
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Chec® Titration. z ml. standard fluoride, y ml. standard sulphate and 1 ml. alizarin 
are run into a third Nessler tube and diluted to 100 ml. Any pink colour is discharged 
with hydrochloric acid and 1 ml. buffer is added. The solution is then titrated with 
thorium to match the temporary standard and if x ml. are not used, the standard fluoride 
corresponding to x is calculated by extrapolation. This check is advisable for the most 
accurate results because the final colour of the back tritration is not always an exact 
match for the temporary standard. 

For example:— 

Thorium titration of 100 ml. of a water sample containing 20 p.p.m. SO, = 1-00 ml. 
thorium solution. 

Back titration of 1-00 ml. thorium solution -+- 2-0 ml. standard sulphate solution 
= 8-0 ml. standard fluoride solution. 

Check titration of 2-0 ml. standard sulphate solution | 8-0 ml. standard fluoride 
solution = 1-02 ml. thorium solution. 

The fluoride content of the water sample = 0-80 « 1-00/1-02 = 0-78 p.p.m. This 
calculation is not perfectly correct because the relationship is not linear but with the 
small differences liable to occur the error is not large. 


Notes 

(1) Working with solutions of sodium fluoride in distilled water, 0-01 
p-p-m. F can be detected and 1 p.p.m. F can be determined with an accuracy of about 
+1 percent. The presence of calcium, magnesium, silica and chloride in the water in 
normally occurring proportions was found to have a negligible effect. 

(2) Sulphate, in the form of sodium sulphate was found to have a thorium titre 
varying under the conditions of the determination according to the amount of fluoride 
present. 100-160 p.p.m. SO, have the same effect as 1 p.p.m. F. In titrating sodium 
sulphate solutions containing SO, of the order of 200 p.p.m. it was found that the final 
pink colour tended to intensify on standing half an hour. 

(3) Aluminium interferes with the determination of fluorine, giving a brown colour 
with the alizarin indicator. A solution of aluminium sulphate containing 0-1 p.p.m.Al 
caused a considerable brown colouration, but after standing overnight at pH 2-8 the 
pure yellow colour of the alizarin returned. If a water contains enough aluminium to 
cause interference, 100 ml. are titrated with hydrochloric acid to the brownish colour 
using alizarin as indicator. An equal quantity of acid is added to another 100 ml. water 
in a Nessler tube, 1 ml. buffer is then added and finally 1 ml. alizarin. Under these acid 
conditions, the brown colour is slow to develop and the thorium titration can be pro- 
ceeded with. 

(4) Phosphate also affects the fluorine determination. Sodium phosphate solutions 
were used to investigate the effect, and it was found that when titrating 1 p.p.m. P.O, 
alone with thorium, the pink end-colour fades considerably in 5 minutes. In the presence 
of 1 p.p.m. F in the form of sodium fluoride, however, no tading of the end-colour takes 
place and 1 p.p.m. P,O, has the effect of about 0-1 p.p.m. F. The thorium titre of a 
natural water containing calcium and magnesium was found to be increased similarly 
by the addition of 1 p.p.m. P,O, in the form of Na,HPO, 

(5) The tint of the end-colour in the thorium titration of fluoride is greyish-pink 
when the fluoride present is 0-0-5 p.p.m. and becomes increasingly yellow for larger 
amounts of fluoride. The tint is also affected by other radicles present in the water, and 
sometimes only an approximate colour match can be obtained. Even in these circum- 
stances, however, reasonably accurate results are often obtainable. 
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(6) It is not advisable to calibrate the thorium solution in terms of fluorine because 
the equivalence of the thorium appears to be liable to sudden unaccountable small 
changes. 4 

Thorium Titration of Fluoride at pH3-3. Theabove method was evolvedand many deter- 
minations of fluorine in water carried out before the paper by Matuszak and Brown® 
was seen. 

The method is, however, easily modified for pH 3-3. 100 ml. of the water sample is 
pipetted into an Erlenmeyer flask, 1 ml. alizarin is added and the pink colour just 
discharged with hydrochloric acid. The sample is then boiled for 2 minutes and if the 
pink colour re-develops it is once more discharged with hydrochloric acid. The sample 
is then cooled until it can be handled comfortably and is transferred to a Nessler tube, 
making up to 100 ml. with washings. One ml. of acetic acid buffer (0-4 N acetic acid in 
water) is added, and titration is then carried out with a suitable thorium solution. At 
Magadi the solution used contained 1-12 g. thorium nitrate and 13-2 g. acetic acid per 
litre; concentrations which give an approximately linear relationship between titre and 
fluorine when 0-0-4 mg. F are titrated in the presence of 2 g. sodium chloride. Two 
hundred p.p.m. SO, (as sodium sulphate solution) was found to be equivalent at pH 3-3 
to 9-15 p.p.m. F which indicates that for most purposes the sulphate effect can be 
neglected at pH 3-3. Phosphate, on the other hand, has a greater effect than at pH 2-8, 
1 p.p.m. P.O, being equivalent to about 0-35 p.p.m. F, but as only traces of phos- 
phates are usually present in water, it will not often be necessary to make a correction on 
this account. 

I wish to thank the Board of the Magadi Soda Company Ltd. for permission to 
publish this paper. 
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THE FRUIT-COAT FAT OF MYRICA CORDIFOLIA—CAPE BERRY WAX 


1. PHYSICAL AND CHEMICAL CONSTANTS AND FATTY ACID COMPOSITION 


by 
D. J. SCHOEMAN and FRANK HAWKE 


OPSOM MING 
’n Egte monster van die vrugte-nerf vet van Myrica cordifolia was verkry en sekere fisiese en 
chemiese konstante bepaal, asook die vetsuursamestelling. Die bessies bevat omtrent 20 persent vet, 
wat die volgende konstante toon: 
S.G. (D}32) — 1-004; — 1-4504; 
smeltpunt van die vetsure — 46°C.; suurgetal — 3-69; versepingsgetal — 214-7; joodgetal — 0-6; 
asetielgetal — 68-2; onverseepbare materiaal — 0-12 persent; Reichert-Meiss] getal — 0-5; Polenske 
getal — 2-3. Die vet lewer 90-4 persent vetsure en 15-2 persent gliserien en toon die volgende vetsuur- 
samestelling (bereken as mol. persent): lauriensuur — 0-4; miristiensuur — 49-9; palmitiensuur — 49-0; 
steariensuur — 0-2; onversadigde vetsure (as oliensuur) — 0-5. 


SUMMARY 


An authentic sample of the fruit-coat fat of Myrica cordifolia was obtained and the physical and 
chemical constants determined, together with the fatty acid composition. The berries contain about 
20 per cent. of fat, having the following constants: 

Sp. Gr. — 1-004; — 1-4504; 
titre of fatty acids — 46°C.; acid val. — 3-69; Sap. Val. — 214-7; 1. V. — 0-6; acetyl val. — 68-2; 
unsap. — 0-12 per cent.; R. M. val. — 0-5; Polenske val. — 2-3. The fat yields 90-4 per cent. of fatty 
acids and 15-2 per cent. of glycerine and has the following fatty acid composition (expressed as mol. 
per cent.): lauric — 0-4; myristic — 49-9; palmitic — 49-0; stearic — 0-2; unsaturated (as oleic) — 0-5. ‘ pe 


Of the numerous species of Myricaceae indigenous to South Africa, the most im- 
portant is M. cordifolia. This shrub occurs mainly in the South-Eastern and South- 
Western districts of the Cape Province where the fruit is commonly known as the 
“wax berry”. The fat, which forms a coating on the outside of the fruit, is separated 
by boiling the berries in water and skimming off the resulting fatty layer. This is 
strained immediately and collected in separate containers in which it is allowed to solidify 
when most of the moisture separates. The crude fat is purified by re-melting, straining 
and re-solidifying, resulting in the commercial product, “berry wax”. Although 
employed to some extent in the manufacture of cosmetics and polishes, the fat is used 
mainly by the fatming community to make soap and candles. 


A survey of the literature reveals a number of discrepancies and omissions and it was 
decided to carry out a thorough investigation into the physical properties and chemical 
constants of this fat. The following summarises the information published to date: 


Moore! and Chevreul?, who were first to investigate the Myrica fats, agreed that 
these consisted essentially of the glycerides of palmitic acid. This was to some extent 
confirmed by Benedict® who reported the presence of trimyristin and tristearin in 
addition to tripalmitin. Lewkowitsch‘ claims all myrtle fats to be similar in composition, 
consisting of the glycerides of palmitic, myristic and stearic acids together with a small 
quantity of oleic acid; while van der Riet® was unable to detect any unsaturation. 
Chittenden and Smith® merely state that the fat consists of tripalmitin, while Smith and 
Wade’, although agreeing with van der Riet regarding the absence of oleic acid, report 
an iodine value (Hubl) of 3-9. 
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Abderhalden® uses the term “Myrtle Wax” to describe the fruit-coat fat from various 
species of Myrica and Jamieson®, in giving the characteristics for the fat from Myrica 
mexicana, states that “Cape Berry Wax” is similar in composition. 


The acid value is fairly low, though Smith and Wade’ report an acid value of 30-7. 
It should be noted that these authors used a sample of fat separated from the berries by 
extraction with petroleum ether. With one exception®, the amount of unsaponifiable 
matter appears to be negligible. 

The specific gravity (15 C./15°C.) is variously reported from 0-995 to 1-0074 5 * 

In the case of authentic samples of the fat from Myrica cordifolia, no mention is made 
of the refractive index or the acetyl value. 

It should be pointed out that in many cases the species of Myrica is not mentioned, 
while in others there appears to be some doubt as to the species under investigation. 


The fruit-coat fat from Myrica cordifolia 

The fat is hard, with a smooth glassy surface, is greenish-white to green in colour 
and has a characteristic herb-like odour. On continued exposure to light and air the 
outer portions become bleached. Continued melting and solidifying of a 10-pound bulk 
sample over a period of two years brought about a definite change in the structure of the 
fat: although the outer surfaces remained hard, the core became soft and even powdery. 


Unless it is stated to the contrary the fat samples used were separated by boiling the 
berries in water as described above. The product was finally purified by filtering hot 
through a dry, Whatman’s No. 4 filter paper. 


Physical constants 


Melting range (open capillary) 40-0-40-7°C. 
Titre of fatty acids... 46°C. 

Surface Tension, 55°C. ... 27-9 dynes /cm. 


Interfacial tension against water, 55°C. ie ... 7:8 dynes /cm. 


For a natural fat the melting range is remarkably short. The final melting point was 
found to increase with the number of times the bulk sample had been melted and allowed 
to re-solidify. After about eighteen months the final melting point had risen to 47°C. 
Johnson’® claims that the bleaching of fats by air and light may result in an increase 
in melting point, though in this case it is considered probable that the rise is caused by 
polymorphic changes brought about by repeated melting and solidifying of the bulk 
sample. !! 


The determination of the specific gravity of the solid fat was complicated by the 
inclusion of minute air bubbles in the sample. In order to obtain the true specific 
gravity of the solid fat, it was necessary to allow a molten sample to stand for several 
hours, followed by slow cooling under vacuum. Only in this way was it found possible 
to obtain concordant results. The specific gravity-temperature curves are shown in 
Fig. 1, these curves being plotted from specific gravities determined on a fresh sample 
ot wax. 
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Por the molten tat (41 C. to 80 C.) the refractive index-temperature curve is a 
straight line (Fig. 2A), corresponding in slope to that satisfying the general equation 
for fats'*. On repeating the determinations after a period of eighteen months it was 
found that the curve was displaced upwards (Fig. 2B), its slope remaining unchanged. 
This displacement gives a further indication of the probability of polymorphic changes. 


The abnormally low value obtained for the interfacial tension between the molten 
fat and water seems to indicate the presence of diglycerides'™, or of other compounds 
containing polar groups. 


Chemical constants 


Acid value bid 3-69 mgm. KOH/gm. fat. 
Saponitication value... .. 214-7 mgm. fat. 
lodine value (Wijs) on 0-6 gms. [,/100 gms. fat. 
Acetyl value... 68-2 /gm. acet. prod. 
Unsaponifiable matter ons ose 0-12 per cent. 
Reichert-Meiss] value ... 0-5. 
Polenske value 2-3. 
Fatty acids (ether extraction) 90-5 per cent. 
(wax cake)  90+3 per cent. 
Glycerine 15-2 per cent. 


Mean molecular ‘weight of fatty acids 


(by direct titration) 243-4, 


Note-— All values tabulated above represent the mean values of several determina- 
tions. 


The iodine value coafirms the presence of a small quantity of unsaturated fatty acids, 
while the acetyl value, together with the high percentage of glycerine and the 'ow 
percentage of fatty acids, seems to indicate the presence of di- or even mono-glycerides. 


Changes in constants with variation in time of gathering berries 


Owing to the abnormally high acetyl value it was deemed desirable to determine 
the chemical constants on fat samples from berries collected at different periods of the 
season. The berries ripen late in summer and are gathered between April and August. 
Two samples of berries were obtained, gathered in May and August respectively. The 
fat was separated by boiling wi h water in the usual manner, and the following table 
indicates the chemical constants 


Sample I Sample 1 
Month collected... August 
Acid value see 2-13 2-42 
Saponification value 215-0 
lodine value (W is) 0-74 0-44 
Acetyl value 62-3 72:5 
U nsaponifiable matter... nes 0-30 per cent. 0-30 per cent. 
Fat content of berries... ... 20-0 per cent. 19-9 per cent. 


The fat content of the berries was determined by extraction in Soxhlet’s apparatus 
for 10 hours, using petroleum ether or chloroform. 
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Since it was thought possible that solvent extraction might result in the separation 
of some unsaturated material, iodine values were carried out on the solvent extracted 
samples, with the following results :— 
Todine value (Wijs). 


Solvent used Samplel Sample 
Petroleum ether ... 1-22 1-02 
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These figures indicate that unsaturated materials are removed from the berries by 
solvent extraction and explain some of the discrepancies in iodine values observed in 
the literature. Smith and Wade’, who separated the fat by solvent extraction, reported 
an iodine value (Hubl) of 3-9, while van der Riet® reported zero, the method of separa- 
tion in this case being unstated. Other authorities 14 15 report iodine values ranging 
from 1-06 to 2-38. 


It is of interest to note that solvent excracted samples of fat are darker in colour than 
those obtained by boiling with water; the use of chloroform in particular, resulting in a 
brownish product which did not readily solidify. 


Fatty acid composition 


To determine the fatty acid composition of the material, the methyl esters of the 
fatty acids were prepared in the usual manner?® and fractionated in an electrically- 
heated column (E.H.P.)!’, packed with single turn glass helices!*. Since the lower 
volatile acids were absent, while the degree of unsaturation was very low, there was no 
need for either a preliminary steam distillation or a lead salt-alcohol separation. Con- 
sequently, the mixed fatty acids were esterified as a whole and the esters distilled directly 
under a pressure of 1 to 2 millimetres of mercury at the column head. 


The apparatus and technique are described in detail by Hilditch®, the only modifica- 
tion in the apparatus being the use of a Variac for controlling the temperature of the 
column. 


Distillation was maintained at a steady rate of five to six drops per minute, and the 
whole process was carried out on two separate samples of esters. The following tables 
give the complete data from one such distillation :— 


57-00 grams methyl esters distilled through “E.H.P.” column. Duration of run: 
53 hours. Pressure at column head: 1-2 mm. Hg. 


Temperature, °C. 
Sample. Weight. Oi/ Bath. Column. Sap. Val. Ly. 
Middle. Head. 
A 5-40 174—188 161—163 112—113 232-3 0-23 
B 6-33 188 163—175 113 230-6 0-14 
c 8-13 188—198 175—180 113—114 231-2 0-14 
D 4-99 198—199 180 114—116 230-2 0-11 
E 5-64 199—207 180—184 116—132 217-5 0-14 
F 6:83 207—213 184—195 132-5 208-6 0-25 
G 8-95 213—217 195 132-5—133 207-5 0-11 
H 6-50 217—222 195—207 133 falling 207-4 0-28 
I 2°35 Residue in column. 206-1 2-23 
R 1-75 Residue in flask. 210-0 9-04 
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Calculated composition of ester fractions :— 


Calculated weights (grams) 
Fraction. Saturated Acids. Unsaturated acids 
as oleic. 
Cis Cu Cis Cis 
A 0-16 5-23 — 0-01 
B - 6-10 0-22 0-01 
8-01 0-11 - 0-01 
D 4-72 0-26 0-01 
E — 2-35 3-28 -— 0-01 
F 0-30 6-51 0-02 
G — 8-94 -~ 0-01 
H — -- 6-45 0-03 0-02 
I — — 2-13 0-16 0-06 
R — 0-14 1-44 — 0-17 
Total wts. 0-16 26°85 29-34 0-19 0-33 


From the above the percentages of the various components can be calculated, with 
the following results. (The figures in parentheses are rounded off to one decimal place): 


Saturated acids. 
Unsaturated acids 
Cis Cis Cie Cus as oleic. 

Per cent. methy] esters. 0-28 47-22 51-60 0-33 0-58 
Weight per cent. acids. 0-28 47-04 51-76 0-34 0-58 
(0-3) (47-0) (51-8) (0-3) (0-6) 

' Mol. per cent. acids. 0-34 49-90 48-92 0-29 0°55 
(0-3) (49-9) (48-9) (0-3) (0-6) 


Mean molecular weight of fatty acids (calculated from above) woe «=. 243° 1 
Mean molecular weight of fatty acids (direct titration) aoe wee 2433 


Because of the low degree of unsaturation of the fat, the unsaturated fatty acids are 
all reported together as oleic acid®°. The above calculations were checked by means of 
the “total unsaturation product” and the “total saponification product”. (The total 
unsaturation product is the sum of the products of the iodine values of the various 
fractions and their respective weights, while the total saponification product is the 
similar sum involving the saponification values). The results were as follows:— 


Direct determination. Calculated. 
Total unsaturation product one pan 30-14 30-17 
Total saponification product ove --» 12,470 12,456 
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A duplicate determination on a separate sample of esters (63-50 grams) gave the 
following results :— 


Saturated acids. | 
——| Unsaturated acids 

Cu | Cis as oleic. 
Per cent. methyl esters. 0-41 47-15. | 51-71 0-21 0-53 
Weight per cent. acids. 0-40 46:99 | 51-88 0-21 0-52 
(0-4) (47-0) | (51-9) (0-2) (0-5) 
Mol. per cent. acids. 0-49 49-84 | 49-01 0-18 0-50 
(0-5) (49-8) | (49-0) (0-2) (0-5) 

Mean molecular weight of fatty acids (calculated from above) .. 243-0 

Mean molecular weight of fatty acids (direct titration) a .. aorl 


Direct Determination. Calculated. 


Total unsaturation product 31-67 31°45 
Total saponification product evs 13,898 13,883 


The mean of the above two determinations of the fatty acid composition of the 
fruit-coat fat of Myrica cordifolia gives the following results :— 


Component acid. Weight per cent. Molar per cent. 


Lauric 0- 0-4 
Myristic 47-0 49-9 
Palmitic 51-8 49-0 
Stearic 0-3 0-2 
Unsat’d (as oleic) 0-6 0-5 


The authors wish to record their thanks to Professor Stephen for his advice and 
criticism throughout the course of this investigation and to the Union Department of 
Forestry for supplying authentic samples of berries. 


University of the Witwatersrand. 
October, 1947. 
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THREE NOTES ON THE LEAD CHAMBER SYSTEM 
FOR THE MANUFACTURE OF SULPHURIC ACID 


WITH SPECIAL REFRENCE TO LEAD CORROSION 


by 
W. H. DYSON 


OPSOMMING 


(1) Die kapasiteit van loodkamercenhede van verskillende fatsoene word vanaf warmte-gegewens 
bereken. Dit word beweer dat, weens die hoé prys van lood, en die relatiewe ondoeltreffendheid 
van lug- en water- verkoelingstelsels, tockomstige beplanning wat suksesvolle werking beoog, 
voorsiening sal moet maak vir hitte-verwydering deur een of ander stelsel van interne spuitverkoeling. 


(2) Dit word aagetoon dat in die geval van ’n Mills-Packard eenheid wat intensief werk, die suur wat in 
enige kamer gemaak word, verkry word vanuit twee bronne (met heeltemal verskillende suur- 
konsentrasies). Omtrent 75 persent van die suur word in die binneruim van die kamer self gemaak, 
= — 60 persent SOs, terwyl die orige 25 persent op die kamermure, gevorm word en 45 persent 

at. 


(3) Vergelykings wat getref word tussen twee Mills-Packard eenhede wat in dieselfde fabrick aan die 
7p toon aan dat die grootste verwering van die loodkamer plaasvind in die temperatuur-sone 
.~60° C, 


SUMMARY 
(1) From thermal data, the capacity of differently shaped lead chamber plants is calculated. It is claimed 
that, owing to the high price of lead, and the relative inefficiency of air- and water-cooling, plans 
for successful operation in the future must incorporate some system of heat removal by internal 
spraying. 
(2) It is shown that for an intensively-operated Mills-Packard plant, the acid made in any chamber is 
* derived from two sources widely differing in strength. About 75 per cent. of the acid is made in the 
body of the chamber and is of 60 per cent. SO; strength, while the remaining 25 per cent. of the acid 
is made on the chamber walls and is of 45 per cent. SO; strength. 


(3) Comparisons of two Mills-Packard plants worked in the same factory tend to confirm that lead 
chambers are chiefly attacked in the temperature zone 50° C. to 60° C. 


(1) The chambers of a sulphuric acid plant provide a vessel for the conversion of the 
sulphur dioxide produced by the burners to sulphuric acid of about 65 per cent. strength. 
Owing to the relatively slow speed of conversion, the chambers have to be made of 
enormous volume. It is customary to refer.to the intensity of operation of the chamber 
plant as the number of cubic feet of chamber volume per pound of sulphur burned per 
24 hours. In reality this figure for intensity of operation may be misleading, as it does 
not take into account two important factors: namely, the strength of the burner gas and 


the shape of the chambers. 


If we consider a plant to convert 24 tons (21-79 tonnes) of sulphur per day (i.e., to 
produce approximately 72 tons (65-37 tonnes) H,SO, per day), we can calculate that 
the volume of sulphur dioxide to be converted daily is approximately 660,000 cubic feet 
(18,689 cubic metres) under normal operating conditions. If the burner gas is derived 
from sulphur it may contain as much as 10 per cent. SO, and the volume of gas to be 
handled daily will be 6,600,000 cubic feet (186,890 cubic metres). If the burner gas 
is derived from pyrites, the sulphur dioxide content may be as low as 6 per cent., in 
which case the volume of gas to be handled would be 11,000,000 cubic feet (311,480 
cubic metres) daily. Suppose the plant we have at our disposal for this conversion has a 


= 
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volume of 200,000 cubic feet (5,663 cubic metres), then the time to traverse the system 
in the case of the 10 per cent. gas would be 44 minutes, and in the case of the 6 per cent. 
gas 26 minutes. In both cases the plant would be rated as operating at 4} cubic feet per 
pound (6-260 cubic metres per kilo) of sulphur converted per 24 hours, but in the case 
of the rich gas there is more time available in which to effect the conversion. 


A plant operating on a stronger gas has therefore an advantage over a plant operating 
on a weaker one. By supplying extra “‘nitre” higher “intensity of operation” can be 
effected and greater production obtained. 


The limit on production is imposed by the ability of the plant to dissipate the heat 
of reaction, and it is for this reason that the shape of the system employed is of such 
importance. Peakin' has shown that for every pound of sulphur converted from SO, 
to chamber acid some 2,000 Centigrade Heat Units are produced. (CHU’s per pound 
=Kgm. calories per kilog.). It has been found that under normal operating conditions 
only about 80 CHU’s will pass per hour per square foot of lead surface, and about 
120 CHU’s per hour if the outer surface of the lead chambers is effectively water-cooled 
(Mills-Packard system). 


By utilising this thermal data, it is possible to classify chamber systems of similar 
volumes in terms of the production possible from the surface available for heat dissipa- 
tion. In Table I below, different shaped systems, all enclosing a total volume of 200,000 
cubic feet (5,663 cubic metres) are classified in this way. For purposes of comparison 
the total surface has been considered, but in — heat dissipation through the bottom 
surface of lead chambers is at a very reduced rate. 


From this Table it can be appreciated what a temendous advantage is derived from 
providing adequate surface. Unfortunately, surface can only be purchased at a cost; the 
provision of a system such as case 8 above in 10 lb. lead (lead about 4 mm. in thickness) 
implies the use of 270 tons (245 tonnes) of lead, which at prevailing prices would cost 
approximately £25,000 for lead alone, besides a further large sum for lead-burning, 
always an expensive operation. 


The invention of water-cooling the chambers was an immense stride forward, and 
with the provision of a number of cylinders in place of large rectangular chambers 
quickly led to the output from similar volumes being more than doubled. 


From the standpoint of chemical engineering, however, heat removal from the 
surface of large reaction vessels cannot be regarded as efficient. Closer contact with the 
gases to be cooled is essential. 


It has been established that 20 tons (18-15 tonnes) per hour of chamber acid sprayed 
into an intensively worked system at 30° C. will be heated to 70° C. If this is withdrawn, 
cooled once more to 30° C. and re-cycled a net heat removal of 800,000 CHU’s can be 
effected per hour. This is the heat produced in converting 400 Ibs. (181 Kg.) of sulphur 
from SO, to chamber acid, and by this means an extra quantity of 16 tons (14-5 tonnes) 
H,SO, may be obtained daily. Experiments now in hand leave little doubt that this 
figure can be substantially increased. 


Lead is used for sulphuric acid chambers as up till now it has been the only material 
which gives reasonable resistance to corrosion and allows the heat of reaction to be 
removed. With the price of lead steadily rising, the capital value and cost of main- 
tenance put the chamber system at a disadvantage when compared with the contact 
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system. If, however, heat removal is effected by internal spraying of acid, the need for a 
heat-conducting surface disappears. This opens up the possibility of the use of such 
materials as acid-proof brick for chamber construction, which would require very much 
less maintenance than the conventional lead chamber. 


(2) Strength and Quantity of Acid Formed on the Surface of Water-Cooled Lead 
Chambers 


In investigations connected with the corrosion of lead it has been common practice 
to hang test samples in the body of the chamber or to immerse them in the acid running 
from the chamber. In neither case is the lead subjected to conditions similar to the lead 
forming the side of a lead chamber. 


Lunge? has noted that the acid from the chamber walls was usually weaker than the 
general run of acid obtained from that chamber. It was therefore decided to investigate 
the strength and quantity of acid formed on the chamber walls in the hope that this 
might throw some light on the problems of lead corrosion. 


For the purposes of this investigation, the acid actually made and withdrawn from 
the bottom of the chambers will be referred to as “bottom” acid. The acid raining down 
in the body of the chamber will be referred to as the “drip” acid. The acid formed on 
the interior surface of the chamber walls will be referred to as “‘side-sheet” acid. 


The quantity of “‘bottom”’ acid made over a period of 24 hours was easily determined 
by plugging the chamber and noting the increase in depth after 24 hours. This acid 
could then be sampled as it was run down to a tank below. 


The quantity of “drip” acid was not measured, but a continuous sample was taken 
as is customary by a drip-tray in the body of the chamber communicating by means of a 
luted pipe with the outside. In the plant where these investigations were carried out 
the time of passage of the gas in any one chamber only amounted to a few minutes so 
that a very high degree of mixing was taking place, and it was considered that this 
“drip” sample was representative. It has been shown on another intensively worked 
plant that there is little variation in “drip” throughout a chamber. 

The “‘side-sheet”’ acid was collected in drip-trays of known width burned to the inner 
surface of the chambers and communicating with the outside by means of a luted pipe. 
Two of these trays were installed in each chamber and the acid from each was collected 
and weighed after 24 hours. From the width of these trays it was possible to calculate 
the total make on the chamber walls. 

In Tables ITI and III are shown the average results of a large number of daily readings. 


TABLE I. 


Strength of bottom Strength of Drip Strength of Side 

Number of Acid per cent. Acid per cent. Sheet Acid per cent. 
Chamber SOs SO; SO; 

1 54-3 60-9 43-2 

2 57-8 63-0 47-2 

3 57-2 59-4 48-3 

4 52-8 53-7 48-7 
Average 55-8 59-5 45-7 
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TABLE Il. 
1 29-5 
2 27:1 
3 16-2 83-8 
4 17-6 82-4 
Average 24-3 95-7 


From these Tables, it can be seen that the acid made in the chambers originates 
from two sources widely differing in strength. Three-quarters of the total production 
is acid of about 60 per cent. SO, strength from the body of the chambers while one- 
quarter from the side-walls is only of about 45 per cent. SO, strength. 


As regards nitrosity, the “‘drip” acid in all chambers contains up to 1-5 per cent. 
HNO,, and the “bottom” acid up to 0-5 per cent. HNO,, in each case with traces of 
HNO. As would be expected, the “‘side-sheet” acid is of very low nitrosity, varying 
from nil in the first chamber to 0-15 per cent. HNO, in the fourth. Traces of nitric 
acid were present in the “‘side-sheet” acid. 


It is a fact well-known to acid makers that one of the most vulnerable portions of the 
lead of a chamber is the upstand at the level at which the acid stands, usually a foot or 
18 inches (30 or 40 cms.) above the floor level. It seems likely that the explanation for 
this attack may lie in the evolution of nitric acid at the “wind and water” level, where 
the weak acid streaming down the chamber walls, meets the comparatively strong 
nitrous vitriol in the chamber bottom. Further, in a system where acid spraying is 
carried out, the three-fold nature of the chamber acid disappears, and there is virtually 
only one strength of acid present. By suitably controlling the strength of this acid, a 
reduction in lead corrosion might be effected. 


(3) The high rate of corrosion of the lead forming the chambers of intensively- 
worked sulphuric acid plants has been the subject of many investigations. Explanations 
up to date have usually been found in impurities in the lead or the degree of nitrosity 
of the acid and gases. 


The conditions in any set of chambers show a steady trend from the first to the last 
chamber. The percentage of sulphur dioxide in the gas falls from a maximum in the 
first chamber to zero (or very nearly so) as the gas leaves the last chamber. The per- 
centage of oxygen falls off in a similar way from a maximum in the first chamber to 
anything from 5 to 10 per cent. in the last, according to what material is being used for 
the production of sulphur dioxide gas. The temperature which may be as high as 
100° C. in the first chamber is normally 30° C. to 40° C. in the last. The “‘nitre’”’ from 
being almost entirely nitric oxide in the first chamber is oxidized gradually to equal 
proportions of nitric oxide and nitrogen peroxide in the last. (This is an essential 
condition for successful working and requires rigid control). 


As most plants are constructed from chemical lead of a high degree of purity, the 
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question of impurities in the lead itself will not be discussed. Indeed, its discussion is 
unnecessary as, although the lead composing different chambers of a plant may be 
identical, it will be shown that the chambers in different parts of the plant are attacked 
at very different rates. 


Apart from the steady change in gas composition throughout all chamber plant 
systems, there are other factors introduced by the use of different raw materials for the 
production cf the burner gas. The burner gas produced from sulphur is of high purity 
containing little except sulphur dioxide, oxygen and nitrogen. When using pyrites 
spent oxide, etc., many other impurities are introduced such as arsenious oxide and 
carbon dioxide. Small quantities of ferric oxide and silica are also carried forward with 
the gas in varying quantities depending on the efficiency of the dust catching system. 
Fairlie® states the arsenic is harmful. Iron oxide, which forms a sludge in the chambers 
entrains “‘nitre” and is also thought to be harmful. Both these impurities are most 
prominent in the leading chamber of a system, yet it will be shown that the leading 
chambers are the least attacked. 


The strength of acid in the chambers must also be considered, and this is to some 
extent in the control of the acid maker. In the systems under review it was customary 
for the leading chamber, which receives the water from the acid concentrated in the 
Glover tower to contain rather weak acid say of S.G. 1-5; the subsequent chamber 
being maintained with an acid of S.G. 1-68, and thereafter the strength is gradually 
reduced from chamber to chamber to S.G. 1-5 in the final chamber. The strongest acid 
and the acid containing the most “‘nitre” is to be found in the second chamber. 


A further feature which requires consideration is impurities introduced in the water. 
The most important of these is the chloride ion. With 50 p.p.m. of chloride it is evident 
that the loss of lead as PbCl,, if all the chloride is used up in this way will be slight, 
However, Wickert‘ puts forward a very ingenious theory for the attack of lead by 
chloride, which may be illustrated by the following reactions: 


HNO, + HCl = NOCI+H,O 
2NOCI + Pb = PbCl, + 2NO 
PbCl, + H,SO, = PbSO, + 2HCI 


In this way the HCl is freed for the reformation of NOC1 resulting in further attack on 
the lead. If this theory is correct there is no limit to the attack on lead by chloride. 


Having briefly reviewed possible causes of attack, Table IV exhibits particulars of 
attack on two plants situated adjacent to each other and operated under identical condi- 
tions of climate and water supply. 


The conditions of operation of the two plants have been very similar, that is the 
strength of acid formed in corresponding chambers has been similar. No. 2 Plant has, 
however, a considerably lower surface : volume ratio, and is therefore less favourable for 
dissipating heat. Due to use of sulphur a higher gas strength has been possible, and by 
utilising acid-spraying higher intensities of operation have been ‘achieved in No. 2 
Plant than in No. 1 Plant. 


This has led to very high temperatures being recorded in the chambers of No. 2 
Plant which, by conventional reasoning, should lead to a more rapid attack on the lead. 
Measurements have shown, however, that this is not the case and that the chambers of 
No. 2 Plant may well outlast some of those of No. 1 Plant. 
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TABLE IV. 


"No. 1- Plant No. 2 Plant 


Started up ... et 1931 1944 
Pyrites for 2 years, 
Raw Material id Pyrites Sulphur thereafter 
Years before renewal 
of chambers . | 1. Not renewed yet 1. 
2.) Very little loss of 
2. 84 years 3.) weight to date. 
4. 84 years 4. 
5. 7 years 
6. 8 years 
7. 6 years 
8. 8 years 
9. 9 years 
10. 13 years 
Temperature range... | First chamber 90°C. First chamber 100°C. 
Last a 40°C. Last ma 60°C. 


Examination of the age before renewal of chambers of the No. 1 Plant discloses that 
it is the middle chambers of the system which are most rapidly attacked. The front 
chambers although the hottest and receiving the most impure gas achieve the longest life. 
At the other extreme, the last chamber, which is the coldest and has the purest gas also 
has a very long life. 

Until the building of Plant No. 2, the attack on the middle chambers was attributed 
to some condition of the “‘nitre” at this stage in the reaction. This explanation is vague 
and unconvincing, and on No. 2 Plant there has so far been no indication that the middle 
chambers in the system are being attacked more rapidly than the others. 

It is necessary, therefore, to reconcile the rapid attack on the middle chambers of 
No. 1 Plant with the comparatively slow attack on the corresponding chambers of 
No. 2 Plant. 

Perktold and Muller®, in experiments recently conducted in Germany have shown 
that there is a danger temperature zone between 50° C. and 60° C. wherein the attack 
on lead is particularly severe. On Plant No. 1, chambers 6, 7 and 8 fall within this zone, 
whereas on Plant No. 2 no chambers are included in it. The explanation advanced is 
that the temperature affects the nature of the film of lead sulphate formed on the inner 
surface of the chambers. In the danger zone this film adheres badly, so that a new lead 
surface is continually being presented for attack. 

The comparison between Plants 1 and 2 is complicated by the use of different raw 
materials, but the evidence obtained so far confirms the work of Perktold and Muller, 
and may prove of value in avoiding severe attack on lead chambers in the future. 

The author wishes to thank Messrs. African Explosives and Chemical Industries 
Ltd. for permission to publish this paper. 


Umbogintwini, 
Natal. 


December, 1947. 
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SOUTH AFRICAN SENECIO ALKALOIDS 


PART 7. THE STRUCTURE OF SCELERANECIC ACID() 
by 
H. L. de WAAL and A. CROUS* 


OPSOMMING 

Sceleranecic dilaktoon, CypH,,O;(I) verkry deur dic hidrolise van dic nuwe senecio alkaloied 
sceleratien, is ’n dilaktoon met een primére hidroksielgroep wat o.a. deur die bereiding van sy asetiel- en 
bensoielderivate bewys is. Dit kom ook saam met ’n ander suur, Cy9Hi4O5¢, in die vrye toestand in 
Sen. sceleratus voor. Wanneer sceler. dilaktoon met gekons. HNO; geoksideer word, word ’n mono- 
karboonsuur Cy9H,O,(II) verkry, waarin die twee laktoongroepe nog onveranderd aanwesig is en slegs 
die primére alkoholgroep tot karboksielgroep geoksideer is. Sy metielester smelt by 133°C. Waarskyn- 
lik _— beide I en II elkeen twee C-metielgroepe. 

Met die verdere oksidasie van II met CrO 3 en H,SO, word ’n afbreek monokarboksiel monalaktoon 
suur C,H;,0,(III) verkry met 

smp. 100°C. en +43(H,O). 

Hierdie suur kan ook deur die direkte seabed van I met KMnQ, in Na,CO, medium verkry word. 
Op grond van hierdie feite en hul eienskappe word struktuurformules vir die drie sure opgestel en 
(IV, V en VI). 


SUMMARY 


Sceleranecic dilactone, CygHy4O;(I), obtained upon the hydrolysis of the new senecio alkaloid 
sceleratine, is a dilactone and has one primary hydroxyl group, which can be acetylated and benzoylated. 
It is also present as the free dilactone in senecio sceleratus together with another acid CygH 40g. Upon the 
oxidation with conc. HNQs sceler. dilactone (1) yields a monocarboxylic dilactone acid, CygH 12O,¢(1I) 
in which the two lactone groups remain unchanged but the primary hydroxyl is oxidised to carboxyl- 

Its methylester melts at 133°C. Probably each of I and Il has two C-methyl groups. Upon 
oxidation of II with CrO; and H,SO, a degradation monocarboxylic monolactonic acid, 
C,H,,0, (III) is obtained with 

smp. 100°C. and[ = +43(H,O). 

This acid is also obtained upon the direct oxidation of sceler. dilactone with KMnQ, in NagCO, 
medium. Taking these facts as well as their properties into consideration structural formulae for these 
three acids are formulated and discussed (IV, V and VI). 


Senecio sceleratus, one of the most toxic species of Senecio in South Africa, occurs 
abundantly in the Eastern parts of the Pietersburg District, Northern Transvaal. In 
1941, de Waal and Pretorius? described the isolation of three alkaloids from this species, 
viz.: isatidine, retrorsine and a new alkaloid sceleratine, C,gH,,O,N. This alkaloid 
upon hydrolysis yields the well-known necine base retronecine and a new acid, scelerane- 
cic acid. Upon hydrogenolysis of the alkaloid the same acid and the reduced and 
hydrogenated base retronecanol are obtained thus :— 


C,,H 270,N H 20 = 30,2 N 6] 


sceleratine retronecine 
“sceleranecic acid’’, 
and 
+ 2H, = CgH,,0 N + CjoH,,O; + H,O 
sceleratine retronecanol “‘sceleranecic acid”’. 


*With partial collaboration by C. M. von H. van Staden and J. P. v. d. Walt. 
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Either upon hydrolysis or hydrogenolysis of the alkaloid the free carboxyl-group 
(esterified in the alkaloid) is extremely rapidly converted into a lactone-grouping, 
probably with a y-hydroxyl. Sceleranecic acid is thus isolated in the stable lactonic 
form and is moreover a dilactone?, thus accounting for four oxygen atoms in the 
molecule. 


The function of the fifth oxygen atom was then still unknown. The above 
“‘sceleranecic acid”, C,9H,,O,, will henceforth be referred to as sceleranecic dilactone. 
This dilactone together with another, apparently new, acid were also extracted in fairly 
large amounts from the ether solution of the acid filtrate of the plant alcoholic extract. 
In January, 1946, fresh senecio sceleratus was collected at “The Downs”, Pietersburg 
District, N. Transvaal and from this more sceleranecic dilactone was prepared from the 
plant extract for the purpose of structural work on this dilactonic acid. The object of 
this article is to describe preliminary structural work on sceleranecic dilactone with the 
hope that it may finally lead to the elucidation of the structure of its molecule. Although 
the basic structure of the necines has been very well investigated through the pioneer 
work of Roger Adams e/ a/ and Orechoff and Konowalowa, very little was thus far 
known with regard to the structure of the necic acids. 


The Function of the Fifth Oxygen Atom of Sceleranecic Dilactone 

Initial acetylation, benzoylation and etherification experiments failed until the 
correct procedure was eventually discovered. Acetylation of sceleranecic dilactone in 
acetone solution with acetyl chloride led to the desired result and crystals were obtained, 
which upon recrystallization from ligroin, form silky needles with a sharp melting: point 
of 81°C. The results of the analysis proved beyond any doubt that one hydroxyl-group 
had thus been acetylated. 


OH ———> C,,H,,0,-0-CO-CH, 
(CioH 40s) 


Similarly, sceleranecic dilactone when dissolved in acetone and benzoylated with 
benzoyl-chloride yielded long thin needles, which when recrystallized from ligroin, 
melted sharply at 155°C. (sceleranecic dilactone melts at 156°C.). Again it was perfectly 
evident from the analysis that one hydroxyl-group had been benzoylated. 


OH O CO 7 C,H, 
(CioH) (Cy7H 


This immediately led to the conclusion that the fifth oxygen atom in sceleranecic 
dilactone must be present as a free hydroxyl-group. The hydroxyl-group is not 
tertiarily bound to a carbon atom. This was indirectly proved by the faiiure of phenyl- 
hydrazine to react with such a tertiary hydroxy! radical when experiments were con- 
ducted along the lines described by H. Meyer® and Meyer and Saul‘. Neither could a 
phenylurethane derivative be prepared so far, probably due to steric hindrance in the 
molecule. 


That the hydroxyl-group established above is however present as a primary hydroxyl 
was further verified by oxidation experiments in acid mediu’n. 


Oxidation of Sceleranecic Dilactone in Acid Medium 
When sceleranecic dilactone is oxidized with 68 per cent. nitric acid in an open dish 
on a boiling water-bath for 1} to 2 hours, then diluted with hot water and the solution 
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allowed to cool down, crystals separate, which when recrystallized from water melt at 
215°C. The substance effervesces with a 2} per cent. sodium carbonate solution, 
titration experiments show one free carboxyl and two lactone groupings. These and the 
results of the combustion analysis proved that the oxidation took place as follows:— 


r—CO 
| 
C,H,, 4—CO —CO 


| —CH,—OH -COOH 


= 


After repeated experiments an excellent yield of 22 gms. oxidation acid (together 
with ca. 1 gm. oxalic acid) were obtained from 30 gms. of sceleranecic dilactone. The 
HNO,-oxidation acid readily yielded a methylester with diazomethane as follows:— 


C,H, H, ,O,-COO-CH, 


The methylester constitutes fine needle-like crystals with m.p. 133°C. and no longer 
contains a free carboxyl-group. The two lactone groups in the HNO,-oxidation acid 
behaved identically towards titration experiments as did the two lactone groups originally 
present in sceleranecic dilactone. C-methyl determinations led to the conclusion that 
the HNO,-oxidation acid probably has two C-methyl groups and that this is most 
likely also the case with sceleranecic dilactone itself. We can therefore assume the 
following rational formulae for sceleranecic dilactone and its HNO,-oxidation acid. 


—CO —CO 
CH, 4 HNO, cH _d 
—CH,OH —COOH 
>C—CH, >C—CHg 
| >C—CH, | >C—CH, 
ie. CypH, Cy9H; 206 


Further attempts at oxidation of sceleranecic dilactone in acid medium were all 
practically of no avail. The oxidation with a 50 per cent. nitric acid concentration had 
practically no effect but left the sceleranecic dilactone unchanged. Cold and warm 
oxidation experiments with potassium bichromate and sulphuric acid led to no results. 
Similarly chromic acid oxidation in sulphuric acid medium did not yield definite results. 
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Various attempts to oxidize the dilactone with (1) HO, and (2) H,O, in glacial acetic 
even under reflux conditions only led to the recovery of the unchanged sceleranecic 
dilactone. Neither would potassium permanganate oxidize the dilactone in acetone 
medium. These results undoubtedly prove the extraordinary stability of sceleranecic 
dilactone, which has no double bond and that it, as a dilactone, cannot be oxidized, at 
least not at the lactone rings in an acid medium. 


The possibility of an isopropyl-grouping in the molecule of sceleranecic dilactone 
was rejected owing to the results of carefully conducted oxidation experiments for such 
a grouping with chromic acid in glacial acetic acid reported by Rimington’. No acetone 
was formed whatsoever and the two C-methyl groups must therefore be present as two 
independent groups. 


In one of the above oxidation experiments traces of acetaldehyde were detected by 
means of Brady’s reagent. The formation of acetaldehyde was, however, definitely 
observed with the oxidation experiments in alkaline medium. In these oxidation 
procedures (see below) a precursor (cf. Rimington® and de Waal’) must have been formed, 
which upon acidification with mineral acid yields acetaldehyde. 


Oxidation of Sceleranecic Dilactone in Alkaline Medium 

When sceleranecic dilactone is oxidized in a 2} per cent. sodium carbonate solution 
with a 1} or 3 per cent. potassium permanganate solution, oxidation of the dilactone 
takes place and the permanganate is decolourized. No volatile oxidation product could 
be detected in the alkaline medium after the oxidation had slowed down and the solution 
was therefore first extracted with ether followed by chloroform. Upon the acidification 
of the solution with HC1, however, acetaldehyde was readily extracted and identified as 
its Brady’s derivative (mp. of pure derivative 163-164°C.) and further identified by 
comparison with an authentic sample of acetaldehyde 2-4-dinitrophenylhydrazone. 
From the residual acid solution after steam distillation a new oxidation product, an 
acid of mp. 99-5-100°C., was isolated with ether. The isolation and purification of this 
acid involved much work in the beginning, but was eventually fairly well accomplished 
as is described in the experimental part. 


This 100°C. acid readily effervesces with a 2} per cent. sodium carbonate solution, 
and definitely has one free carboxyl-group and one lactone group only according to 
titration experiments. It readily reacted with diazomethane in ethereal solution but 
due to the liquid-syrupy nature of the ester and shortage of material we did not succeed 
in isolating the ester. The p-nitrophenylbenzoyl ester was attempted but failed. 


Further investigations upon this acid then followed and it was discovered, that this 
acid was also produced when the HNO,-oxidation acid (C,gH,,O,), was carefully 
oxidized with CrO, and H,SO, (1:4). This acid can therefore be obtained either 
directly from sceleranecic dilactone or indirectly via the HNO,-oxidation acid by the 
correct oxidation procedures. The combustion analysis indicates the formula C,H,,0,; 
one reactive hydrogen-atom (Zerewitinoff) as present in the free carboxyl and probably 
two C-methyl groups. It also verified the structure of one lactone group. The results 
and possible rational formulae for these molecules may therefore be summarized as 


follows :— 
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—CO —CO 
C,H, HNO cu, 
—CH,OH —COOH 
>C—CH, >C—CH, 
| >>C—CHy, | >C—CH, 
/ 
I / I 
sceleranecic dilactone / HNO,-oxidation acid 
/ 
/ 
alkaline / 
KMnO, / 
(—CO 


CyH,; ~—COOH 


>C—CH, 
| >C—CH, 


Ill. 
Degradation acid, mp. 100°C. 


Various structural formulations for these acids appear evident at this stage but their 
basic structures are fairly well fixed. As a working hypothesis we prefer to give the 


following as possibly the correct structural formulae for the above acids:— 


CH, CH; CH, CH, 
O=C C CH O=C C CH 
/ \ HNO, / \ 
O O 
\ / (i) \ / 
CH,OH OOH 
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IV V 
Sceleranecic dilactone HNO,-oxidation acid 
(CyoH 204) 
(ii) (iii) / 
/ 
KMnO, / 
CHg 
2 1 \ 
O 
3 / 
H——--———-C = O 
4 
CH, 
COOH 
VI 
Degradation acid 
(CgH,20,) 


VI is therefore the lactone of 
3 
CH(OH)—CH—CH(COOH)—-CH,—COOH 


CH, 
i.e. 1, 2-dimethyl-1-hydroxy-3-carboxy-valeric acid. 


The following would be the equations for the above reactions: 
(i) + + H,O 
(ti) CygH, sO, + 20, + 2CO, + H,O 
(iii) CygpH sO, O, C,H,,0, - 2CO, 


After we formulated the above structural formulae and a further study of the litera- 
ture it was revealed that Adams and Wilkinson® had reported the same formula VI for 
monocrotalic acid, with the addition of a secondary hydroxyl-group at the C-atom 
numbered 3, as their acid has the molecular formula C gH,,0;. The Crotolaria alkaloids 
(cf. Adams e/ a/* and Marais!) yield upon hydrolysis the same necine base, viz., retrone- 
cine as the Senecio alkaloids whereas the acid fission products range from 8 to 10carbon 
atoms. Monocrotalic acid is CsH,,0; compared to our degradation acid from 
sceleranecic acid C,H,,O,. We always maintained the view on chemical and perhaps 
pharmacological grounds that the structures of the necic acids and the crotalic acids may 
be very closely related. The identical formulation (except for the extra hydroxyl) of 
the structural formula of monocrotalic acid by Rogers and Wilkinson® based upon their 
fine extensive research, with our structural formula for the degradation acid of sceleranecic 
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dilactone, certainly strengthens our hypothesis. These structures are also further 
strengthened by the work of Marais and Smit* on tricrotalic acid which will shortly 
be published. 


‘Owing to shortage of material we have not yet been able to carry out decarboxylation 
experiments on our degradation acid (VI). Should this become possible, further light 
may be thrown on its structure. The decarboxylated substance must, however, differ 
from the one obtained by Adams and Wilkinson with their acid CgH,,O, which led 
to a substance C,H,,O3, the constitution of which still appears to be unknown. 


On the other hand, Adams, Rogers and Long!! in 1939 prepared the dihydro- 
anhydromonocrotalic acid, C,H,,O, from monocrotalic acid C,H,,O,; and assigned 
formula VI for the former, 7.¢., identical with our formula for the degradation acid 
from sceleranecic dilactone. In 1943, Adams and Wilkinson® obtained a second form 
of this dihydro-anhydromonocrotalic acid which they considered might have been a 
stereo-isomeric form. Now formula VI has three different asymmetric carbon atoms 
thus allowing for 8 optically active antipodes. Should this formula be correct then our 
degradation acid of m.p. 100°C. (VI) must be a third stereo-isomeric form of this acid. 
The physical constants of the three forms are the following: 


M.P.° C 
Adams ef a/, 1st form: 131-132° [aP? = + 3-82° (EtOH). 


Adams ef a/, 2nd form: 111-112° [a]? — 55-7° (EtOH). 


Our acid VI: 99-5-100° [as = + 43-2° (H,O). 


Further experimental work on sceleranecic dilactone as well as upon the other acid 
of m.p. 213°C. which accompanies the former in the plant extract of Senecio sceleratus? is 
in progress and will be reported upon in due course. 

Meanwhile catalytic hydrogenation of sceleranecic dilactone in alcoholic medium 
with or without HC1 for the purpose of ring cleavage failed. Dehydrogenation experi- 
ments with red amorphous selenium powder produced poor yields of oils which have 
not been identified. The dry distillation of sceleranecic dilactone with or without zinc 
dust did not lead to its decarboxylation. Oxidation of the dilactone with Na,O, and 
SeO, in xylene led to the recovery of the unchanged acid. 


EXPERIMENTAL PART 
1, Isolation of Sceleranecic Dilactone (I) andthe Accompanying Acid of M.P. 213°C. 


Fresh dried and ground Sen. sceleratus was extracted with alcohol in a large Soxhlet 
extractor in the usual way (cf. de Waal and Pretorius”). From the residual liquors 
after the evaporation of the alcohol and the acidification with citric acid solution, both 
acids were isolated; sceleranecic dilactone? in a yield of circa 0-8 per cent. and the other 
acid of m.p. 213°C. (ex the tarry residue) in a yield of circa 0-17 per cent. calculated on 
the dried and ground plant material (whole plant above ground). The former is crys- 
tallized from ethanol or more readily from ligroin and the latter from methanol. (Isati- 


* Private communication. 
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dine, retrorsine and sceleratine were also isolated, the former by means of cold percola- , 
tion with alcohol). A mixed melt of the two acids melts at 178-184° C. and the higher 
melting point acid cannot be obtained from the lower melting point acid by ualiog 
with alcohol or similar attempts. The analysis of the higher melting point acid reveals 
the formula C,)H,,O,.* The acids are therefore sot isomers (cf.*). 


2. The Hydroxyl-Group of Sceleranecic Dilactone 

(a) Acetylation: To 0-5 gm. sceleranecic dilactone dissolved in 10 c.c. pure acetone, 
acetyl-chloride is added drop by drop through a reflux condenser and the mixture 
refluxed for half-an-hour. e excess acetyl-chloride and the acetone are distilled off 
under reduced pressure, the brownish syrupy-residue is dissolved in ether and the ether 
allowed to evaporate slowly from a loosely-corked container. Needles separate which 
are repeatedly recrystallized from ligroin, washed with ethanol and dried. Colourless 
silkish needles of m.p. 81° C. 


Micro-analysist 
(i) 3-870 mgm.: 7-995 mgm. CO, and 2-200 mgm. H,O. 
(ii) 3-892 ,, : 8-020 ,, » » 2200 ,, ” 


Found (1) C = 56-34 per cent.; H = 6-36 per cent. 
(2) : C = 56-20 per cent.; H = 6-32 per cent. 
Calculated C,,H,,O,: C = 56-24 per cent.; H = 6-29 per cent. 
Acetyl 
(iii) 7-913 mgm. : 3-34 ml. N/100 NaOH. 
Found: — CO-CH, = 16-8 per cent. 


Calculated: One CO-CH, => 18-1 per cent. (Cy gH 
oe Cy9H,30,-O-CO-CH, (C,,H,,0,). 


(b) Benzoylation: 'To 0-5 gm. sceleranecic dilactone dissolved in 10 c.c. pure acetone, 
benzoyl-chloride is added drop by drop whilst shaking and the mixture then refluxed for 
30 minutes. The excess benzoyl-chloride and the acetone are removed under reduced 
pressure. The residue is taken up in ether when needle-like crystals separate upon 
the gradual evaporation of the solvent. Recrystallized from ligroin thin needles separate, 
m.p. 155°C. Admixed-with sceleranecic dilactone of m.p. 156° C. the mixture melts at 
116-5° C. (depression). 


Miero-analysis 
(i) 3-386 mgm.: 9-090 mgm. CO, and 1-990 mgm. H,O. 
(ii) 3-721 » 760 1- ” 


= 64:16 per cent.; H = 5-76 per cent. 
(2) : = 64-24 per cent.; H = 5-83 per cent. 
Calculated C,,H,,O,: C = 64-14 per cent.; H = 5-70 per cent. 


mol. wt. found (Rast) = 292. . 


C,9H,,0,-O-CO-C,H, (Cy 7H y,O,). 


8- 
Found (1) : C 


* In collaboration with C. M. von H. van Staden. 
t All micro-analyses by Drs. Weiler and Strauss, Oxford. 
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3. Oxidation of Sceleranecic Dilactone* 


(a) With HNO,: 3 gms. scel. dilactone are covered with 10 c.c. 68 per cent. HNO, 
in an open glass dish and warmed upon a boiling water-bath for 14 hours. More HNO, 
is added if necessary during this period. Then just sufficient water is added until the 
solution h=comes turbid; warm and add a drop of HNO, if necessary to effect a clear 
solution. Allow to cool and put away to crystallize. Crystals separate which when 
recrystallized from water melt sharply at 216°C. The yield can be increased by the 
evaporation of the solvent.t The substance is an acid and effervesces with 24 per cent. 
Na,CO, solution with the evolution of gas. 


Micro-analysis 
(i) 3-950 mgm.: 7-670 mgm. CO, and 1-920 mgm. H,O. 
(ii) 4-138 ,, : 7-990 ,, o « 1 


” » 


Found (1) : C = 52-98 per cent.; H = 5-44 per cent. 
(2) : C = 52-67 per cent.; H = 5-27 per cent. 
Calculated C,9H,,O, : C = 52-62 percent.; H = 5-30 per cent. 


C-methyl: 7-965 mgm.: 8-92 ml. N/100 NaOH. 
Found: C—CH,; = 16-9 per cent. 
Cale: 2C—CH, = 13-2 per cent. 
3C — CH, = 19-8 per cent. 
.. Probably 2 C — CH, for C,9H,,Og. 


Titration: (a) 49 mgm. acid dissolved in 15 c.c. water and immediately titrated 
required 2-30 c.c. N/10 KOH. 
Theory for 1 — COOH = 2-15 ..c. N/10 KOH. 


During the following ten minutes another 1-90 c.c. N/10 KOH were required; #.¢., total 
4-20 c.c. N/10 KOH. 


Theory for 2 — COOH = 4:3 c.c. N/10 KOH. 
Upon refluxing with excess N/10 KOH a further 2-06 c.c. N/10 KOH were required. 
Theory for 1 — COOH 2-15 c.c. N/10 KOH. 


(4) 41 mgm. acid dissolved in 15 c.c. 60 per cent. ethanol and titrated with N/10 KOH 
gave similar results to the above titration. 


Therefore one free carboxyl and two lactone groups, one readily titrable and one 
of a more stable nature (cf. scei. dilactone?). 


(¢) Methylester of TI. An ethereal solution of diazomethane is added in excess to 
1 gm. of the acid (II) in a test-tube. The reaction is vigorous with the evolution of 
nitrogen. Upon the gradual evaporation of the ether needles separate, which when 
recrystallized from ethanol had m.p. 133° C. 


* The residue also yields a small crop of oxalic acid. 
T Repeat and verification experiments carried out by J. P. van der Walt. 
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Micro-analysis 


(i) 4-041 mgm.: 8-020 mgm. CO, and 2-140 mgm. H,O. 
(ii) 3-780 ,, : 7-520 ,, w 
Found (1) : C = 54-16 per cent.; H = 5-94 per cent. 
(2) : C = 54-28 per cent.; H = 5-84 per cent. 


Calculated C,,H,,O,: C = 54-54 per cent.; H = 5-83 per cent. 


I 


Found: — OCH, = 12-1 per cent. 
Cale.: — OCH, = 12-8 per cent. 


*, monomethylester. 


4. Oxidation with KMnO, (cf. Rimington®, Meyer’, etc.). 

A mixture of 5 gm. scel. dilactone and 2} gm. Na,CO, are dissolved in 20 c.c. water 
under reflux condenser on a boiling water-bath. A solution of 3 per cent. KMnOQ, in 
water is then gradually added through the condenser. In the beginning the oxidation 
is very rapid but the rate decreases when about 300 c.c. have been added. (At no time 
should the KMnO, be in excess). After the addition of another 50 to 100 c.c. KMnO, 
solution the oxidation is stopped, the contents filtered and the filtrate well shaken with 
ether. (The ether left no residue). The residual ether in solution was expelled with air, 
the contents shaken four times with CHCl, the chloroform solution dried over 
anhydrous Na,SO, and evaporated. A trace of impure crystalline substance of m.p. 
122-125° C. was obtained. 


The alkaline solution, after the removal of the residual chloroform, was then acidi- 
fied with HC1 and steam distilled. The distillate smelt of acetaldehyde and upon the 
addition of 2, 4-dinitrophenylhydrazone in 2N HC1, the Brady’s derivative of acetalde- 
hyde separated, which after recrystallization melted at 163-164° C. and was identified 
as such with an authentic sample of acetaldehyde-2, 4-dinitropehnyl-hydrazone. 


The residual acid solution was then thoroughly shaken with successive portions of 
ether, the ether extracts combined, dried over Na,SO, and evaporated. The deposit 
had a slight spicy smell and gave a faint precipitate with Brady’s reagent. The substance 
effervesces with Na,CO, solution. It is purified by repeated solution in CCl, and upon 
cooling, the surface of the solvent is well-covered with a thick layer of petroleum ether 
(60-80° C.). (This is to prevent exposure of the crystals to the atmosphere as they 
float on CCl, when separating out from the solvent). The best yield obtained was about 
2 gm. (when oxidizing with a 1} per cent. solution of KMnQ,), but may vary considerably 
depending upon the conditions of the oxidation. 


Properties: The pure substance thus recrystallized from CCl,-petroleum ether melts 
sharply at 100°C. It readily dissolves in cold water effervesces with a 2} per cent. 
solution of Na,CO,, is readily soluble in organic solvents except CCl, and benzene 
in which it is difficultly soluble. It dissolves in dilute and mineral acids, giving colour- 
less solutions. 
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Micro-analysis 
(i) 3-335 mgm.: 
(ii) 4-238 ,, : 


6-720 mgm. CO, and 2-060 mgm. H,O. 
8-570 

Found (1) : C = 
C 


” ” ” 2-650 ” »”» 
= 55-0 per cent.; H = 6-93 per cent. 
> == 55-18 per cent.; H = 7-00 per cent. 
= 55-81 per cent.; H = 7-02 per cent. 


(2) : 
Calculated C,H,,O,: 


Mol. wt. calc. = 172-2; found (Rast) = 202. 
Act. Hydrogen (one) calc. =: 0-58 per cent.; found = 0-61 per cent. 

C — CH, : caled. 1 -- C-CH, = 15-7 per cent. 

a 2 — C-CH, = 31-4 per cent. 

Found = 22-9 per cent. 


Micro-titration: Several titrations of which the following is an example showed that 
the acid has one free carboxyl which can be immediately titrated with N10 KOH 
in the cold. The endpoint is sharp. When, however, further refluxed with N ‘10 
alcoholic KOH, one lactone group opens, ¢.g.: 


20-8 mgm. acid (mol. wt. 172-2) required in the cold upon direct titration 
1-33 c.c. N/10 ale. KOH. 


Theory for 1-COOH 1-21 c.c. N/10 alc. KOH. 

No further alkali was required after the solution stood for 2 hours. Excess of 
N/10 alcoholic KOH was then added and the solution refluxed for } to 1 hour; and 
back titrated with N/10 HC1 (phenol-phthalein). 

Alkali used = 1-30 c.c. N/10 KOH. 

Theory for 1-COOH = 1-21 c.c. N/10 KOH. 

. One -COOH and one lactone group. 
Specifie Rotation 


88 mgm. acid, 10 ml. H,O at 25° C., 0-5 dm. tube. 


4. 10 «1000 
“ 0-5 » 88 
= + 43-2°, 


The preparation of the methylester with an ethereal solution of diazomethane led 
to the formation of an oil, but due to shortage of material this has not yet been identified. 


5. The Oxidation of C,,H,,O, acid (II) , 

(2) 5 gms. of this acid (IT) obtained by the nitric acid oxidation of (1), 2-5 gms. CrO, 
and 50 c.c. H,SO, (1 : 4) were boiled for 20 minutes under a reflux condenser. The 
solids completely dissolved. The solution was allowed to cool, well shaken with 
CHC1,, the chloroform solution dried over Na,SO,, filtered and evaporated. The 
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syrupy residue was dissolved in acetone. Upon the gradual evaporation of the acetone 
crystals separated, which when recrystallized from CCl,-petroleum ether (see 4 above) 
melted at 100° C. and was found to be identical with the degradation acid, CgH,,O,, 
obtained above (4). 


(b) Oxidation of the C, 9H,,O4, acid (IT) with soda-alkaline 3 per cent. KMnO, 
solution utilizing the procedure described above (4) yielded no acetaldehyde and the 
oxidation products (if any) were obtained in such small quantities that their identifica- 
tion was impossible. 


6. Other experiments 

(2) Oxidation experiments upon scel. dilactone with (i) 50 per cent. HNOs, (ii) 
K,Cr,O, and H,SO,3, (iii) H,O,, (iv) H,O, in glacial acetic acid!*, (v) in 
H,SO, (1 : 4)8, (vi) CrO, in glacial acetic acid, (vii) KMnO, in acetone, (viii) Na,O, in 
most cases led to the recovery of the unchanged dilactone or else probably carried the 
oxidation too far. 


(b) The catalytic hydrogenation of scel. dilactone employing the procedures of 
Mannich"*, Butenandt!* and other workers with PtO, as catalyst with the object of 
reducing the lactone to an aldehyde were of no avail. The unchanged dilactone was 
recovered. 


(¢) The dry distillation of scel. dilactone with or without zinc dust only led to the 
recovery of the unchanged dilactone in the distillate. Dehydrogenation experiments 
with red amorphous selenium at about 330-340° C. yielded at this temperature a dis- 
tillate containing the unchanged dilactone together with some oil. The latter about 
3 c.c., was fractionally distilled and analysed but gave unsatisfactory values for results © 
to be based upon the combustion analysis. The oil readily decolourized a soda-alkaline 
solution of potassium permanganate. 


The authors sincerely thank the Research Grant Board for a grant in aid of the pur- 
chase of the large extraction apparatus for research. 


Department of Organic Chemistry, 
University of Pretoria. 
November, 1947. 
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AN INVESTIGATION ON THE SYNTHESIS OF ASCORBIC 
ACID IN THE GUAVA (PSIDIUM GUAJAV A) 


by 
F. J. H. LE RICHE 


OPSOMMING 


Oor ’n tydperk van twee jaar is die skeikundige veranderinge in die koejawel, vanaf kort na bevrug- 
tiging tot die volryp stadium, nagegaan in ’n poging ém vas te stel hoe askorbiensuur in hierdie v rug 
gesintetiseer word. 


In hierdie artikel word alleen die verwantskap tussen die monosakariedes en askorbiensuur bespreck 
en daar skyn bewyse te wees dat glukose ’n voorganger van askorbiensuur in die koejawel is. Die 
proefresultate word aangetoon en bespreek en die moontlike skeikundige veranderinge word in logiese 
stappe aangebied. 


SUMMARY 


Over a period of two years the chemical changes taking place in the guava, from soon after fertiliza- 
tion to full maturity, were ‘studied in detail in an effort to determine how asc« stbic acid is synthesized in 
this fruit. 


In this paper only the relationship between the monosaccharides and ascorbic acid is discussed, and 
it has been determined that in the guava, glucose is a precursor of ascorbic acid. The experimental 
results are discussed and the sequence of the actual chemical changes taking place in the immature fruits, 
is suggested, 


Little work has been published on the actual synthesis of ascorbic acid in the plant. 
However, since the vitamin is related structurally to the six carbon sugars, it seems 
inevitable that it must be formed in the plant from the carbohydrates. 


The mechanism of the formation of ascorbic acid in plants and animals is largely 
unknown. It is conceivable that ascorbic acid may be produced by the transformation 
of sugar acids of related structure, such as glucuronic acid or galacturonic acid, or by 
total synthesis. In favour of the latter hypothesis is the observation that volatile 
constituents of plant and animal unsaponifiable matter, lipoid in nature, can serve as a 
precursor of ascorbic acid in the body of the rat. Important also is the observation of 
Winderbauer (1937) that dextrose apparently increases the ascorbic acid content of 
certain organs of the body. Among many sugars investigated, mannose causes a greater 
rise in the ascorbic acid content of the plant than any other sugar (S. N. Ray, 1934). 


In a study of the formation of carbohydrates and ascorbic acid in the guava during 
growth various varieties of the fruit were investigated in the Paarl area over a period of 
two years. The guavas were analysed at regular weekly intervals throughout the 
growth development starting from the time of the setting of the fruit. Glucose, fructose 
and sucrose were determined in every part of the fruit and in all cases it was found that, 
as far as the different varieties go, the relative amounts of glucose and sucrose present at 
any time during the development of the fruit were very small. Glucose was entirely 
absent, while small quantities of sucrose were found in the very green and immature 
fruits. Fructose at any time of development of the fruit is the most abundant sugar. 
Sugar growth can clearly. be divided into two periods:—(1) A slow rate of increase 
lasting from the time of the setting of the fruit until the seeds had fully developed and 
rapid cell enlargement had commenced. (2) A rapid increase in sugars, mainly fructose, 
until the completion of cell growth, i.e. until a minimum rate of increase in weight per 


fruit had been reached. 
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During the development of the guava, sucrose never accumulated as in the case of 
plums, but only minute quantities could be detected during the initial stages of growth. 
Bearing in mind the chemical changes that occur during photosynthesis, as well as the 
assumption that sucrose is the sugar of translocation, it appears that the sucrose in the 
guava is rapidly hydrolysed, according to the following equation :— 


sucrose —> glucose + y-fructose. 


The very active cell division during the initial growth period requires all the glucose, 
while the very high rate of respiration demands all the available y-fructose. For this 
reason neither glucose nor fructose can be detected during this stage. The minute 
—_ of sucrose which can be chemically determined appears to be due to the fact 
that sucrose is formed at a slightly greater rate than the hydrolytic process. 


During the second stage of growth after cell division had ceased the seeds were fully 
developed and the rate of respiration had decreased. The hydrolysis of the sucrose 
continues and this is responsible for the deposition of increasing amounts of fructose in 
the fruit. If the assumption that sucrose is the sugar of translocation and that it hydro- 
lyses as above are true, it follows that with an increasing amount of fructose there 
necessarily must be a corresponding increase in glucose. This, however, could not be 
experimentally ascertained as glucose was absent. The results obtained show a re- 
markable correspondence between the rapid increase in the fructose and ascorbic acid 
contents of the guava and this suggests that the ascorbic acid is synthesized from the 
missing glucose. 


According to Reichstein e¢ a/ and Haworth, ascorbic acid can be synthesized from 
l-sorbose. From the above facts it is clear that ascorbic acid develops proportionately 
with fructose and it is suggested that glucose is the precursor of ascorbic acid, and that 
it is converted in the plant along the following lines:— 


d-glucose d-sorbitol |-sorbose 2-keto-l-gulonic acid l-ascorbic acid 


The actual chemical processes responsible for the above changes are uncertain and 
may be brought about by enzyme action in the cell. In proving the validity of the above 
changes very small quantities of sorbitol were found at one stage. It appears, however, 
that the rapidity of chemical action does not allow for the determination of the above 
mentioned compounds. 


Analytical Methods 


(1) Sugars 

All sugar determinations were made on the alcohol extracts of the fresh material. 
The fresh, finely-cut samples were weighed rapidly and put into boiling 95 per cent. 
alcohol and boiled for 20 minutes. This was then carefully brought into a Soxhlet 
extraction apparatus, the syphon end of which was lined with porous clean cotton wool; 
water was then added to give a final constitution of 80 per cent. alcohol in water. The 
inactivation of the enzymes in plant material should be done with the utmost rapidity. 
In no case should the fresh material be minced, as this releases the enzymes which cause 
oxidation and other chemical changes, which invalidate determinations of both sugars 
or total carbohydrates. 
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After having extracted the carbohydrates, pigments, etc., for 36 hours in the 
“Soxhlet”, the extract was diluted and clarified by first neutralizing with N10 NaOH 
solution, using methyl red as indicator and adding 4 ml. of a 50 per cent. neutral lead 
acetate solution. A white precipitate indicated a sufficient excess of lead. To this 
3 ml. of a 25 per cent. sodium hydrogen phosphate solution was added to precipitate 
the excess lead. After filtering, the clear nevtral solution is used for the determination. 


The total reducing sugars were estimated in a 5 ml. solution containing approxi- 
mately 1-5 to 2 mg. of sugar. To this was added 5 ml. of Shaeffer and Hartman solution 
and the mixture kept on a water bath for 20 minutes. The final titration was made with 
0-01N sodium thiosulphate solution. The Shaeffer and Hartman conversion factor was 
used in the final calculation. 


Fructose was determined according to the method of Archbold and Widdowson. 
Sucrose was determined according to the method described in the Journal of: Association 
of Official Agricultural Chemists, 1938. 


(2) Ascorbic Acid 


In order to obtain a representative sample for analysis of the whole guava, not less 
than sixteen immature fruits were taken at random. These were then peeled by hand, the 
inner flesh and seeds removed with a coring spoon and from each section small pieces 
were cut so as to represent the whole sample and immediately weighed in a known 
volume of 3 per cent. solution of metaphosphoric acid. It is imperative that sampling 
be representative of the whole quantity of material under examination. 


From the samples to be analysed, 10 or 20 gms. were carefully and rapidly weighed 
in a known volume of a 3 per cent. metaphosphoric acid solution, in order to counteract 
the instability of ascorbic acid, said to be due to enzymes in the plant tissue and copper 
present as an impurity in the reagents and water used. 


The sample of fresh material plus the metaphosphoric acid solution was quanti- 
tatively brought into a mortar and finely macerated with the aid of a pestle and a small 
uantity of acid-washed sand. The well-minced, homogeneous pulp was then centri- 
uged in a laboratory high speed centrifuge at 2,500 r.p.m. for three minutes, after which 
a 10 ml. aliquot of the clear liquid was used for further dilution and determination. In 
the case of immature fruits this aliquot was directly used while in the case of mature 
fruits, 10 ml. was diluted to 100 ml. and of this, 5 ml. was titrated, in duplicate, against 
freshly prepared 0-05 per cent. ~ or 2,6— dichlorophenol-ind »phenol until a perma- 
nent pink coloration was obtained. It was necessary to determine the moisture present 
in every sample analysed for ascorbic acid, as this is essential in the final calculation. 
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CHEMICAL TECHNOLOGY OF SOUPFIN-SHARK LIVER OIL 


PART I. STABILITY STUDIES AND THE USE OF ANTI-OXIDANTS. 


by 
A. W. LATEGAN 


OPSOMMING 
(1) ’n Gewvsiede snel-metode om die Induksie Periode van dierlike en plantaardige olics te bepaal, 
word beskryf, en dit word aangetoon hoedat peroksied-vorming ’n aanduiding is van die graad van 
outoksidasie. Die verhouding tussen peroksied-vorming en oksidasie van Vitamine A (in vaal- 
haailewerolie) word aangetoon. 


2) Die aktiwiteite van hidrokinon, butielgalaat en sitroensuur (by vier verskillende konsentrasics clk) 
as anti-oksideermiddels in vaalhaailewerolie, word beskryf en uitgedruk in terme van “‘beskermings- 
faktore”. Die verbasende effektiwiteit van hidrokinon word aangedui, sowel as die aktiwiteite van 
butielgalaat (0-1 persent en hoér) en sitroensuur (0-05 persent en hoér). Nuttige vergelykings 
word getref tussen die relatiewe nuttigheid van die drie anti-oksideermiddels by verskillende kon- 
sentrasies. 


(3) In die geval van hidrokinon en butielgalaat is die beskerming eweredig met konsentrasic, maar in 
die geval van sitroensuur word optimum beskerming verkry met 0-05 persent. 


(4) Om aanmerklike beskerming te verkry moet enige anti-oksideermiddel teen ’n hoér konsentrasie 
as 0-01 persent gebruik word. 


(5) Gedurende opberging vir cen jaar, onder ideale kondisies, verminder die Induksie Periode van ’n 
»sbeskermde olie”’ met 30-80 persent. Gedurende die eerste drie tot ses maande vind die grootste 
vérandering plaas, en daarna bly die Induksie Periode min of meer konstant. 


SUMMARY 
=) The antioxygenic activities (in shark liver oil), of hydroquinone, butyl gallate and citric acid, at four 
different concentrations each, have been determined, and expressed in terms of protection factors. 
The all round superiority of hydroquinone has been demonstrated, as well as the activity of butyl 
gallate at concentrations of 0-1 per cent. or higher, and citric acid at concentrations of 0-05 per cent. 
or higher. Useful comparisons between the relative efficiencies of the three antioxidants at different 
concentrations are made. 


(2) As far as hydroquinone and butyl gallate are concerned, protection varies proportionately with 
concentration of antioxidant, but with citric acid, no very significant advantage is gained by using 
more than 0-05 per cent. 


(3) All antioxidants should be used at a concentration greater than 0-01 per cent. in order to obtain 
significant protection. 


4) During storage for one year under ideal conditions, induction periods of protected oils decrease by 
anything from 30-80 per cent. The most rapid decrease is noticed during the first three or six 
months, after which the induction period remains practically constant. 


INTRODUCTION 
This investigation was inspired by the steadily increasing world demand for vitamin 
A which is being used very extensively in vitamin therapy, for food fortification in 
England and Europe, and for animal feeding in America. 


The distribution of the world production of vitamin A was seriously disrupted by the 
war when the Norwegian and Japanese productions were cut off from their normal 
destinations. Under these circumstances it is no wonder that the United States, Canada, 
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South Africa, India and Australia made serious and successful attempts to produce fish 
liver oils, the main source of vitamin A. 


In South Africa the Soupfin shark (galeorhinus canis), known locally as Vaalhaai, is 
by tar the most important source of vitamin A. It is found along the African Coast 
from Walvis Bay on the West Coast to Algoa Bay on the East Coast and is the only 
species which justifies the equipping of special craft for its capture. It is caught mainly 
by line, and only the liver is utilised. It belongs to the family carcharinidae of the order 
plagiostomi and is closely related to the Soupfin shark (G. z yopterus) of the North-West 
Pacific Ocean. 


Very little is known of its lite history and no proper investigation has yet been com- 
pleted on the relationship of sex, size, oil content of liver, locality, and vitamin A 
potency. A systematic survey has recently been initiated! and it is hoped that the results 
will help to assure commercial exploitation of the shark fishery for many years without 
seriously depleting the stocks. 


The Soupftin shark grows up to 7 feet in length, the liver constitutes on an average 
10 per cent. of the total weight of fish, and contains on an average 50 per cent. of oil. 
The average potency of the liver oil is about 20,000 I.U./Gram or 0-75 per cent. 


vitamin A. 


A, Oxidative Rancidity 

All fats and oils deteriorate during storage. Of the many factors causing spoilage 
oxidation is by far the most serious, causing loss of palatability in edible oils and rapid 
destruction of vitamin A in fish liver oils. Fish oils are particularly susceptible to 
oxidative rancidity which is accelerated by such factors as light, heat, metallic and other 
catalysts, etc., while autoxidation can be retarded or inhibited by controlling carefully 
the methods of production and storage and by using suitable antioxidants. In this paper 
the effect of several well-known antioxidants will be dealt with. 


When an oil comes into contact with air or oxygen there is usually a period durin 
which no detectable reaction occurs. This is called the Induction Period (I.P.). After 
this, autoxidation sets in, and reaction or decomposition products are formed which 
give rise to phenomena that denote spoilage. The problem of measuring the stability 
of an oil, or its resistance to oxidation, is resolved into finding a method of measuring 
the induction period, i.e. chemical or physical means of detecting reaction products 
formed immediately after the end of the induction period, or means of detecting the 
point at which oxygen is being rapidly absorbed. The induction period then affords 
some means of assessing the relative stability of the oil. 


The normal rate of interaction of a fat and oxygen is usually too slow to provide the 
rapid results often required to assist production or to evaluate any product. Most 
workers therefore resort to some means of accelerating this reaction. Acceleration can 
be produced by using pure oxygen instead of air or by increasing the temperature of the 
reaction or by using pressures greater than atmospheric, or by making use of the catalytic 
effects of light or metals. Such an accelerated oxidation should not depart too drastically 
from ordinary conditions but on the other hand it should provide a rapid and workable 
control method for assessing the relative stabilities of oils. Likewise the method for 
detecting the formation of breakdown products which indicate the end of the induction 
period should be rapid and yet as reliable as possible. 
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B. Detection and Estimation of Oxidative Rancidity and Relation Between 
Chemical or Physical Tests and Rancidity 


During the autoxidation of a fat the iodine value drops? and this has been used as a 
means of detecting the end of the induction period. The author’s experience (Table III) 
has been that an advanced state of deterioration, from the point of destruction of 
vitamin A, is reached before a significant drop in I.V. occurs. Moreover the determina- 
tion of I.V. is lengthy and cumbersome. 


Chirgwin® and other workers have shown that changes in refractive index occurring 
during autoxidation, may be used as a means of determining degree of deterioration. 
The changes are not significant enough, however, to make the method attractive. 


The aldehydes produced at the onset of rancidity can be indicated by the Schiff test 
by the Schipsted method‘ or can be estimated by direct titration with sodium 
bisulphite'. 

The estimation of peroxidic compounds forms the basis of the most common tests 
for oxidative spoilage. All theories of autoxidation of fats postulate the primary forma- 
tion of peroxides®, 7? and many workers have attempted to make the best possible use 


FIG. 1a. 
Liver Oil 1 Aerated at 100°c. 4.2 
Peroxide Value 
60 
3 
x 40 46 
20 
q 8 
Time (hours) 
0 4 — 


2 


Variation of peroxide value and E } Pe" with time of aeration. 


i, is 
2 
nly 
inly 
‘der 
om- 
n A 
sults 
rage 
ent. | 
lage 
apid 
e to 
ther 
Fully 
aper 
ring 
After | 
hich 
vility 
ring 
lucts 
the 
fords ' 
e the 
Most 
can : 
f the 
lytic 
ically 
cable 7 
d for 


42 ‘ JOURNAL OF THE SOUTH AFRICAN CHEMICAL INSTITUTE Vol. /, No, 1 


of the estimation of peroxides as a measure of the degree of rancidity §, ® 14, and rapid 
peroxide formation as an indication of the end of the induction period. The author’s 
experiments (Fig. 1) have shown how well the rate of peroxide formation indicates the 
end of the induction period. 
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Peroxide value is very conveniently determined iodimetrically by Wheeler’s method!" 
and peroxide content expressed as “ml. 0-002N thiosulphate per gram of oil” also 
termed “‘millimoles of peroxide per kilogram of oil”. The method is easy to carry out, 
requires no special apparatus and has given consistently reproducible results. 

Another method which is also in use is the modified Kreis test!? where a benzene 
solution of the oil is shaken with conc. hydrochloric acid. A solution of phloroglucinol 
is added and a pink or red colour taken to denote rancidity. The colour is matched in a 
Lovibond tintometer and some quantitative comparisons are obtainable. 

C. Measurement of the Susceptibility of Oils to Oxidation 
(i) General 

Because the rate of oxidation of oils and fats is usually very slow many attempts 
have been made to devise methods which would permit rapid measurement of resistance 
and give relative, if not absolute values. Basically all methods are similar in that oxida- 
tion is accelerated under carefully controlled conditions. The most usual method of 
acceleration is to increase the temperature in an atmosphere of air or oxygen. The 
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progress of oxidation is then followéd by measurement of the oxygen absorbed or by 
estimation of the products of reaction. The two phases should be in equilibrium and 
this can be attained by saturating the oil with gas by stirring, by bubbling the gas through 
the liquid or by dispersion of the oil in a thin layer. It is essential to observe certain 
precautions in all methods. The most important of these is that glass apparatus should 
be scrupulously clean and that the temperature should be maintained at a constant value 
throughout the experiment. The following result indicates the effect of traces of 
oxidized oil on stability and also the danger of spoiling a good oil by admixture with 
low-stability oils. 
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(ii) decelerated oxidation methods 

While the Schaal incubation method!* and the oxygen absorption method with 
modifications!® !®, are used in some quarters the most widely used accelerated method is 
the active-oxygen or Swift Stability test!’ as modified!’ 18. Basically the method 
consists of passing air at a constant rate through samples of oil which are maintained at a 
constant temperature, usually 100° C. Several samples of the same oil are started at 
regular intervals, and when the first sample has become distinctly rancid all the samples 
are removed and their peroxide values determined. The point at which rancidity set 
in can thus be determined. This has been found a suitable method, easy to operate, 
rapid, and yields reproducible results. 

The Swift stability test, involving the estimation of peroxides while aerating at 
100° C. has been used in Great Britain during the recent war!®. It is also recognised by 
the American Oil Chemists’ Society?® and is used extensively in the United States. 

Many prominent workers have expressed grave misgivings about all accelerated 
tests to determine susceptibility to oxidation. Hilditch?! states: “‘I believe that the use of 
accelerated tests at higher temperatures, e.g. 100° C. will increasingly come to be re- 
garded as not wholly indicative of what goes on at the atmospheric temperature. They 
are so much more convenient owing to rapidity, however, that I fancy they will be 
accepted for a long time as a rough guide or first approximation”. Beadle?? objects on 
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the grounds that the air bubbled through the samples creates conditions which are 
drastically different from those of ordinary storage. As against this, Bickoff et a/*8 found 
agreement between stability tests on carotene in edible oil substrate at 25° C., 40°C. 
and 75°C. Lovern!® correlated his 100° C. stability tests with absorption of oxygen, 
bleaching of carotenoids and development of tallowy odour and flavour. Corroborative 
tests were also run at 37°C. Riemenschneider® found general agreement between 
relative stability of lards determined by the King!* rapid method and storage tests, for 
periods of storage in the dark up to 20 months. In addition Riemenschneider et a/?4 
found fair agreement between stability values obtained by the active-oxygen and oxygen- 
absorption methods, as indicated by protection factors of antioxidants. 


)iii) Method used in this study 


The modified Swift stability test has been used, with modifications. This course was 
adopted after the method had been tried out well and the ease of operation and repro- 
ducibility of results clearly proved. The Wheeler method for estimation of peroxides 
was used and found very convenient and rapid. Table II illustrates the duplication 
obtained. Aeration was carried out at 100° C. 


The figures in Table II represent typical oils. Further reference will be made to this 
Table later on. At this stage it is sufficient to note the agreement obtained, in peroxide 
development in duplicate and trip'icate samples during aeration at 100° C. 


(iv) Description of modified Swift stability test 

The method employed will be described fully in order to help those who may find 
it necessary to determine the relative stabilities of animal or vegetable oils and fats. 

Approximately 100 gram samples of oil are placed in 200 ml. gas washing bottles 
fitted with fritted glass filter plates. These bottles are immersed in a boiling water bath 
so that the level of oil is below the level of water. The bottles pass through holes in the 
lid of the water bath and are wedged with cotton waste so that practically no light enters 
the interior of the water bath. The row of bottles is connected in series and air, washed 
by passage through a 0-1 per cent. aqueous solution of potassium permanganate is 
drawn through the series of bottles by water-jet pump. The air is drawn in through a 
calibrated orifice at 2-5 ml. per second. The bath is kept boiling gently and at intervals 
the current of air is interrupted and samples of about 5 ‘grams each removed from the 
bottles using a separate clean pipette for each sample. If the pipettes are used the wrong 
way round the whole operation of drawing samples from four separate bottles can be 
completed in half-a-minute or at the very most one minute. Aeration is resumed, the 
samples cooled, and assayed immediately for peroxide content according to the Wheeler 
method. The results are available before the next sampling is due and any bottle can be 
shortcircuited as soon as the contents attains a peroxide value exceeding that found to 
indicate the end of the induction period. This figure is 25 for vitamin oils as will be 
indicated later on. The sintered glass diffuser in this type of gas washing bottle distri- 
butes the air very finely and causes the sample of oil to be agitated well. Absolute 
cleanliness of apparatus and careful temperature control are essential and poor results can 
usually be traced to one of these factors. 


A temperature of 100°C. is used, firstly because it is easy to attain and control 
(boiling water at 760 m.m.) and secondly, for rapidity. Comparative aerations at 50° C. 
gave induction periods of 90 and 22 hours for oils that show 8 and 3 hours respectively 
at 100°C. Control becomes impossible if the I.P. exceeds 8 hours, i.e. the normal 
working day. 
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No attempt was made to dry the air as it has been demonstrated clearly by several 
workers notably Riemenschneider e¢ a/?4 that little significant difference in stability 
value results when dry air is used instead of moist air. 


Several modifications of the original Swift test have been incorporated in this 
accelerated method. Most important of these is the arrangement of samples in series 
so that the same air passes through all. The advantages are simplicity of construction 
and assurance that exactly the same amount of air is being passed through all samples. 
The main objection is that volatile products may pass from one sample to the next and 
affect the stability of the second sample. This possibility was investigated and it was 
found that four samples of the same oil, connected in series, gave almost identical 
peroxide values and stabilities upon aeration. It has been concluded that if the fourth 
sample is not affected by the combined. volatile degradation products of the previous 
three there is no danger in conducting the test in this way. The results in Table IT 
illustrate this point rather well. These findings may throw some light on the contro- 
versial reports by Greenbank and Holm*® and Roschen and Newton?®. 


A second departure from the conventional procedure was the periodic interruption 
of the aeration for sampling. This procedure was necessitated by a serious shortage of 
gas washing bottles but again the figures in Table II indicate that repeated interruptions 
(for very short periods) did not affect the results. Numbers 3, 6 and 9 represent oils that 
were only sampled once, or not until he end. The final peroxide values as well as 
intermediate figures agree well with the results obtained for corresponding samples of 
oils where the aeration was constantly interrupted. 


The effect of variations in the rate of flow of air through the oil has been checked to 
confirm earlier observations?’ that large variations do not affect the rate of oxidation. 
The amount of air has been varied from 1 to 10 ml. per second without affecting the 
final result. In conducting this aeration test, therefore, it is only necessary to pass a 
steady flow of air that will give enough bubbles to keep the oil in a good state of 
agitation. 


(v) Criterion for indicating end of induction period 

While the method of accelerated oxidation has been described and defended, it now 
remains to define some means of correlating the peroxide value at some suitable level 
with end of induction period. In most of the published work some suitable peroxide 
value found organoleptically to co-incide with rancid taste or smell has been accepted 
to indicate the end of the induction period. Lowen ef a/?8 found that a peroxide value 
(P.V.) of 20-30 corresponds with a distinctly rancid odour. Riemenschneider® accepts 
a figure of 15 for lard. Findlay and Smith®® decided on 20, 30, 60 and 80 milli-equiva- 
lents per 100 g. as the end points for lard, hydrogenated lard, vegetable oils and hydro- 
genated vegetable oils respectively. 


In fish liver oils organoleptic rancidity is not the main objection. Oxidative degrada- 
tion results in loss of vitamin A, and such a peroxide value as will coincide with rapid 
destruction of vitamin A will have to be regarded as indicative of the end of the in- 
duction period. The relationship between E! Per «nt. 328m (vitamin A content) and 
P.V. in a few typical oils is illustrated in Figure 1. From this it is clear that the vitamin A 
curve follows the peroxide curve very closely indicating an almost linear relationship 
between loss of vitamin A and peroxide formation (c.f. Fig. 2). These results agree 
with earlier work on oxidation of halibut liver oil?® and cod liver oil®® in both of which 
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peroxide development is followed closely by loss of potency. It remains then to decide 
what peroxide value to regard as denoting the end of the induction period. From 
Figure I it is apparent that development of peroxide and corresponding drop in potency 
proceed progressively but rather slowly until a peroxide value of 20-30 is reached, after 
which the biggest increase in peroxide value, and decrease in Ei per seat. value per unit 
time takes place. Therefore, it seems reasonable to accept a peroxide value of 25 
(ml. 0-002 N thiosulphate per gram of oil) as the end of the induction period for 
fish liver oils. Whilst this is an arbitrary assumption it is the most acceptable figure 
indicated by the results. 


For the sake of comparison the changes in iodine value during aeration were de- 
termined for a few shark liver oils. The results are contained in Table III. 


TABLE III. 


Changes in iodine value (I.V.) of shark liver oil during aeration at 
100°C. Compared with peroxide value (P.V.). 


Time of Aeration (brs). - 
Material Function - — 
0 4 1 14 2 3 4 5 
Shark Liver...) P.V 1-4 6:1 7-2 11-8 24-1 123 1-34 
185-6 | 188-8 | 192-6 — *86-4 | 179 163-1 160-6 
Shark Liver P.V 1-3 7 13-4 83-5 -- 
LV 191 191 189-5 | 187-6 | 173-1 
Shark Liver ...| P.V.: 1-0 5-4 7-7 — 9-8 15-6 26-9 66°8 
LY. 177:6 | 178-3 | 179 173-3 | 171-2 | 168-6 | 160-0 


These findings are in agreement with the results of Filer e¢ a/31, Wagner ef a/** and 
others, showing first an increase in I.V. and then a gradual drop which becomes very 
definite at the end of the induction period. The determination of I.V. is much too 
cumbersome, however, for routine work, and the results are not available while the 
aeration is in progress, as is the case with peroxide values. 


By using the described accelerated aeraton test the influence of various factors on the 
stability of liver oils could be determined and results obtained very rapidly. The author 
has investigated the influence of anti-oxidants, different metals, moisture, refining 
methods, production methods, storage in inert atmospheres (carbon dioxide and nitro- 
gen) and the effect of different preservatives used with the liver, prior to extraction 
of the oil. 


In the first place, the immediate effects of these factors were determined and, 
secondly, a storage test covering a period of twelve months has been carried out. At 
three-month intervals induction periods and vitamin A potencies were determined and 
in this way the deterioration of fish liver oils, stored under the influence of various 
factors, could be studied. As far as the author is aware, such an investigation has not 
been carried out on fish liver oils before. The approach of the problem has since been 
favourably commented on??. 


Samples were stored at room temperature, but in a dark, closed cupboard, and in 
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completely filled glass containers, in order to exclude light and metals as factors. This 
represented ideal storage conditions, and any deterioration could then be ascribed to the 
variables which were introduced one at a time. In every series of tests, the same oil was 
used as substrate for the whole period. Containers were not opened until the samples 
were due for analysis. At the beginning of the 12-month period, sufficient 6 oz. and 
8 oz. samples were made up to last the whole period and every three months one of 
these samples was merely removed and tested, leaving the rest intact. 


D. Experimental details 

In the present investigation of the protection obtainable with several antioxidants, 
the same substrate has been used for all tests. This substrate was a year old commercial 
fish liver oil with an induction period of less than one hour at 100° C. This oil had lost 
practically all stability due to natural antioxidants and provided a stringent test for any 
antioxidant. By using the same substrate, and starting all storage tests at the same time, 
it was ensured that all results would be comparable. 


The protection obtained with any antioxidant can be described by simply stating the 
induction period as measured by the accelerated oxidation method and peroxide de- 
velopment. In the storage tests the decrease in induction period with time is indicated 
(Table V). However, in comparing the immediate effects of various antioxidants, and 
in order to be able to compare the results with those obtained when using different 
substrates a more descriptive symbol must be used. Spannuth ef a/%, Lips and 
McFarlane®4, Riemenschneider e¢ a/*®, and others use Symbol I,, denoting increase in 
induction period upon addition of antioxidant. Equally suitable is the symbol P.F. or 
protection factor, being the ratio: 


Induction Period of (Substrate + Antioxidant) 
Induction Period of Substrate. 


The latter is used by Greenbank and Holm** and many others, and has been used in this 
investigation, simply because it appears to be in more widespread use than the former 
method. 


As can be seen from Table IV several of the reputed antioxidants reviewed above 
have been selected for spot testing. ‘The choice of antioxidants was limited by availability 
of materials. Moreover, the object of this investigation, has not been a search for new 
antioxidants, in the first place, but an attempt to determine the permanency of the 
protection offered by a few of the recognised oxidation inhibitors. The spot tests did 
serve to evaluate a few of the commercially obtainable and much advertised products. 


For storage tests hydroquinone was selected because it appears to be one of the 
most active of the phenolic class of inhibitors cited in the literature*’. Butyl gallate 
was selected to represent the gallic acid-, and gallic ester-class, which appears to be one 
of the most popular types in Britain. Citric acid is an example of the acid class inhibitors. 
Citric acid appears to be the most widely used of acidic inhibitors and is being used in 
South Africa to protect vegetable oils**. 


The antioxidants were added to the oil at four different concentrations each, the 
range (0-01-0-25 per cent.) having been decided on after due consideration of the 
varying levels at which antioxidants are normally added. 
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Hydroquinone and butyl gallate were dissolved in the oil with the aid of gentle 
heating on the water bath, and under reduced pressure, while citric acid was added as 
an alcoholic solution. 


To minimise errors all the antioxidants were added to the substrate at a concentration 
of 0-5 per cent. while the solution was then diluted to the required concentrations, using 
untreated substrate as diluent. 

Aerations were carried out at 100° C. 


E. Discussion of Results 
(i) Spot tests 

From the figures in Table IV, it is apparent that hydroquinone prolonged the 
induction period more than any of the other inhibitors which were used. The very old 
and rancid liver oil was given an induction period of nearly eight hours. Butyl gallate 
was a good second, while there is not much to choose between the acids. Citric acid is 
the most useful in this class, however, followed by phosphoric acid. Maleic and fumaric 
acids gave identical results, indicating that there is no effect due to geometrical isomerism. 


The protective effect of 2, 5-ditertiary butyl hydroquinone, a commercial product for 
which high claims are made is disappointing, and much better results were expected. 
At a concentration of 0-25 per cent. it is less effective than 0-25 per cent. butyl gallate 
and about as effective as 0-1 per cent. hydroquinone. At lower concentrations it appears 
relatively ineffective. 

The complete failure of lecithin (Table IV, Nos. 16, 17, 23, 24) to impart any protec- 
tion at all, confirms earlier reports*®, but the failure to obtain any synergistic effect with 
lecithin is noteworthy (Nos. 18, 25). No synergism was obtained between citric acid 
and lecithin,£or betweenjbutyljgallate and lecithin. 
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TABLE I\ 
Protection Factors (P.E'.) obtained with different antioxidants and synergists. 
(Same Substrate used in all tests). 


Concentration | Induction 
No. Antioxidant. (per cent. on Period PF. 
ail). (hour 
0 Substrate (year-old shark liver oil) — 0-8 - 
1 Hydroquinone ... 0-25 7°6 9-5 
2 Do. 0-10 4 5 
3 Butyl Gallate 0-25 5-5 6:9 
4 Citric Acid 0-25 3°1 
Tartaric Acid 0-25 1-8 2-3 
6 Maleic Acid 0-25 1-6 2 
7 Fumaric Acid... 0-25 1-6 2 
8 Phosphoric Acid 0-25 2°2 2°8 
9 2, 5 Ditertiary Butyl Hydroquinone Se 0-10 1-5 1-9 
10 0-25 4 5 
11 a-Tocopherol (40 solution) 0-01 0-6 0 
12 Do. Do. ve 0-25 0-8 0 
13 Do. Do. 0-5 0-8 0 
14 a-Tocopherol (0-5 per wane plus Citric Acid 
(A-25 per cent.) — 2°5 3-1 
15 «Tocopherol (0:5 per. cent.) plus Hydro- 
quinone (0-1 per cent.) ... — 4 5 
16 Lecithin (From Maive Oil) __... 0-25 0-8 0 
17 Do. 0-5 0-8 0 
18 Lecithin (0-5 per cent.) plus Citric Acid 
(0-25. per cent.) 2-4 a 
19 acorrT A *1 per cent.) plus Citric Acid 
(0-1 cent.) — 12-3 15-4 
20 Butyl Gallate ( (0-1 per cent.) plus Citric Acid 
(0-1 per cent.) ; 5-1 6-4 
21 Fresh Substrate 2°4 
22 * a-Tocopherol in New Substrate i 0-5 2 0 
23 *Lecithin in New Substrate ... se “se 0-2 2-3 0 
24 *Cereal Extract X . 0-2 2-4 0 
25 Lecithin (0-25 per cent.) plus Butyl Gallate 
(0-1 per cent.) — 2-0 2°5 


*Antioxidants sold commercially. 


The failure of a-tocopherol is very difficult to explain, in view of the good reports 
about its inhibiting effect. The level at which it was used was increased to 0-5 per cent. 
without any beneficial effect. The failure to obtain synergism between tocopherol and 
citric acid or hydroquinone (Table IV, Nos. 14, 15) is indeed disappointing. In order to 
verify that the poor quality of the substrate did not provide too stringent a test for lecithin 
or tocopherol they were tried out in a fresh and much more stable liver oil (Nos. 21-24), 
but no protective effect was obtained. In fact, it almost seemed as if a pro-oxidative 
effect is noticeable, although the information is too scanty to allow one to draw definite 
conclusions. 


The synergistic effect of citric acid with hydroquinone and butyl gallate is very 
marked (Nos. 19, 20). 


While 0-1 per cent. hydroquinone gives a protection of 5, and 0-1 per cent. citric 
acid gives 3 (Table V), a combination of the two gives much better protection (P.F. 15-4) 
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FIG. 5b. 0-1, Hydroquinone 
0-1°), Butyl Gallaic 
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(Table IV) than could result from an additive effect. Likewise the P.F. of a mixture of 
0-1 per cent. butyl gallate (P.F. = 2-5) and 0-1 per cent. citric acid (P.F. = 3) is 6-4, 
more than the sum of the two. Here, however, the synergism is not so marked as with 


citric acid and hydroquinone. 
From these results it appears that hydroquinone (0-25 per cent.) or a mixture of 
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The position of hydroquinone has been rather obscure as far as preservation of 
foods is concerned. Although it has been proved non-toxic for rats*!, and in spite of 
the fact that it is a recognised anti-pyretic**, it is not described in the British Pharma- 
copoeia, and appears to. be prohibited by the pure food laws of various countries®. Asa 
result of the author’s findings on the excellent anti-oxidative properties of hydroquinone, 
representations have been made to the Union Health Department, which body has now 
consented to allow the addition of 0-1 per cent hydroquinone as antioxidant to fish 
liver oils. 


In Figure 3 a graphical illustration is given of the prolongation of induction period 
due to citric acid, butyl gallate, hydroquinone and a mixture of hydroquinone and citric 
acid. Note the superiority of hydroquinone and the marked synergism between hydro- 
quinone and citric acid. 

(ii) Storage tests 


Some interesting observations can be made from Table V and Figures 4 and 5 in 
which the drops in potency and induction period during storage of the oil with anti- 
oxidants, are illustrated. 


As far as loss of vitamin A is concerned (Table V) the results are not as spectacular 
as those for decrease of induction period. They do indicate, however, that in all pro- 
tected samples the loss of vitamin A was smaller than in the untreated blank. The 
smallest loss occurred in the hydroquinone-protected samples, especially where the 
concentration of antioxidant was 0-05 per cent. or higher. Citric acid comes second as 
far as protection of vitamin A is concerned, while the loss in the gallate-protected samples 
is noticeably greater. 


The observation that induction period decreases relatively much faster than 
Ei per cent. value, confirms the suggestion®! that different mechanisms of degradation 
occur during storage at room temperature and during accelerated oxidation, where it has 
been shown (Figures 1 and 2) that a linear [relationship {exists [between E} per eat. and 


peroxide value. 


It should also be pointed out that induction period is a measure of susceptibility to 
oxidation and that the protected samples will be much more resistant to oxidation after 
one year, if the oils are exposed to air and no longer stored under ideal conditions, in the 
way in which this test has been conducted. 


In Table V the shortening of induction period during storage is indicated. 


In Figure 4 drop in protection factor during storage is illustrated, and the different 
concentrations of each antioxidant have been grouped together, so that the protection 
offered by varying amounts of antioxidant can be observed at a glance, as well as the 
decrease during storage. Note the small difference between protection factors obtained 
with varying concentrations of citric acid above 0-01 per cent. 


In Figure 5, different antioxidants at the same concentration have been grouped 
together, and this illustration is convenient for comparing different antioxidants used at 
the same concentration. Note the superiority of hydroquinone at all concentrations. 
Note too that butyl gallate offers better protection than citric acid at a concentration of 
0-25 per cent., but at lower concentrations it is less active than citric acid. The marked 
superiority of — is most noticeable at concentrations higher than the same 
quantity of citric acid. 
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From Figures 4 and 5 it is apparent that the protection factor does not remain 
constant but drops during storage. The decrease is very serious during the first six 
months, after which the protection factor, or induction period, remains relatively 
constant. After nine months several samples showed a slight increase of induction 
period. This effect was most noticeable in the samples with 0-1 per cent. hydroquinone 
and 0-25 per cent. butyl gallate. Whilst this is an interesting phenomenon and may be 
the result of a complex oxidation mechanism it is not serious enough to affect the general 
trend of decrease in protection factor during storage. 


With all three antioxidants the protection obtained with 0-01 per cent. of the 
material was so slight (Protection Factors less than 2), that this may be considered a 
lower useful limit of antioxidant concentration. Even at 0-05 per cent. butyl gallate 


is markedly less active than 0-01 per cent. citric acid or hydroquinone (Figure 4) and . 


may be regarded.as. inactive for all practical purposes. These results are surprising in 
view of earlier results## where good protection was obtained with 0-01 per cent. ethyl 
or butyl] gallate or tocopherol in halibut liver oil emulsions and margarine. The optimum 
concentration of antioxidant, as determined in the present series of tests, is more in 
accordance with the results of Holmes e¢ a/*? who used 0-1-1 per cent. hydroquinone. 


On the whole the samples of oil, stabilized with citric acid, suffered the smallest 
decrease in protection factor during storage for one year (Table V). The protection 
obtainable with citric acid is small, however, compared with that offered by hydro- 
quinone. 


It appears that there is a general drop in protection factors, amounting to anything 


from 30-100 per cent. of the original, during storage for one year, depending on type, 


and, to a lesser degree, on concentration of antioxidant. In the case of hydroquinone and 
citric acid, the decrease is less (35 to 38 per cent. and 31 to 35 per cent. respectively) than 
in the case of butyl gallate (40 to 46 per cent.). It is significant, however, that the total 
drop in protection factor is fairly constant, provided the initial protection is significant. 


In Figure 6 the variation of protection obtained, with concentration of antioxidant, 
is illustrated graphically. In the case of citric acid, constancy is reached at a concentra- 
tion of 0-05 per cent. or very nearly so. This phenomenon does not support the chain- 
theory of oxidation inhibition, discussed by Lovern*®, according to which one would 
expect direct proportionality between per cent. antioxidant added and protection factor 
obtained. The curves for hydroquinone and butyl gallate, on the other hand, show 
almost direct proportionality, and support the chain-theory. 


The author is indebted to Marine Products Corporation of Africa Limited, Cape 
Town, for permission to publish this work. 
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